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CLEANING THE ROCK BOTTOM, 60 FEET BELOW HIGH WATER MARK. 


BOTTOM LENGTH OF CAISSON BEFORE LOWERING INTO THE WATER. VIEW FROM TOP OF CAISSON AFTER PUMPING OUT. 


VIEW SHOWING THE SWING SPAN OPEN, 
THE NEW PYRMONT BRIDGE, SYDNEY, NEW SOUTH WALES, 


ibs 


23006 


PYRMONT BRIDGE, SYDNEY, AUSTRALIA.* 
By Joun PLUMMER. 


Dartine Harsor, one of the many arms of Port Jack- 
son, divides the New South Wales metropolis into a 
couple of large but somewhat unequal portions, com- 
munication between the two opposite shores being con- 
ducted by small ferryboats until 1857, when a wooden 
bridge, constructed by private enterprise at a cost of 
$375,000 was opened, a small toll being levied on each 
passenger, animal, or vehicle crossing. The piles were 
of Australian hardwood and have remained perfectly 
sound to the present day, but the upper portions of the 
structure, being of softer timber, have repeatedly suf- 
fered from the attacks of white ants. There was a 
swing span in the center to enable masted vessels to 
pass through, but the lowness of the bridge proved such 
a barrier otherwise, even to the smallest steamboat, 
that the stream of business traffic, very heavy during 
certain portions of the day, was continually being in- 
terrupted toallow the swing span, worked by mechani- 
cal power, with the assistance of a couple of men, be- 
ing used 

In 1884 the bridge was purchased for the sum of 
$200,000 by the state government, and the tolls abolish- 
ed, with the result that the passenger and vehicular 
traffic expanded so rapidly that a new bridge became 
indispensable. After various preliminaries, competi- 
tive designs were invited from America and Europe, 
that obtaining the first premium being estimated to 
involve an expenditure of $1,478,500. This cost was 
regarded as somewhat expensive, and ultimately it 
was arranged that a bridge should be constructed from 
designs prepared by Mr. Perey Allan, M. Inst. C. E. 
(England), one of the engineers in the state Depart- 
ment of Public Works, and an Australian by birth. 

It was arranged that with the exception of the swing 
span, 223 feet in length, Australian hardwood should 
be the principal material employed, each of the side 
spans, twelve in number, having a length of 82 feet, 
the roadway supported by them being of asphalt. The 
heaviest portion of the undertaking was in connection 
with the construction and sinking of the caisson form- 
ing the main support of the swing span. There being 
no iron works on a large scale in Australia, the iron 
work_comprising the caisson had to be constructed in 
Eurdpe, and shipped to Sydney, where the cutting 
edge was placed in position on a square ironbark frame, 
suspended above high water by wire ropes from a 
staging surrounding the site of the pier. After some 
i5 feet of the sides of the caisson had been riveted up, 
the wire ropes at the four corners of the staging were 
eased, and the immense chamber, some 42 feet in di- 
ameter, lowered into the water, until, with a draft of 
7 feet 3 inches, it floated when the frame was with- 
drawn. 

Additional plates were added, and the caisson grad- 
ually sank in the water by filling with concrete the 


space between the inner and outer rings. The work 
of grounding the cylinder, by means of girders and 
wedges, in the position it was destined to permanently 
occupy, proved a source of considerable anxiety to all 


concerned, but by judicious handling, it was placed 
with such nice accuracy, that the work of dredging the 
interior could be commenced without delay, by means 
of avbucket dredge, as the plates were built up and 
concrete weighting added. This process was con- 
tinued until a depth of 46 feet under low-water mark 
was reached, at which point the cutting edge touched 
rock on one side. The task of pumping out the water 
was begun, and as the quantity became reduced, it was 
found that there was very little leakage under the cut- 
ting edge. 

Subsequently a start was made with cutting the 
rock on the side where it was highest, and while this 
was being done a sudden influx of water, filling the in- 
terior of the cylinder, endangered the lives of the men 
employed. Fortunately, they escaped without serious 
injury, the last man just keeping his head above water 
as he rushed up the ladder. To prevent a reoccur- 
rence of an inflow, a bank of clay was built around the 
caisson, and the remainder of the work of excavation 
effected under water by means of a large cast-steel 
jumper, also one of smaller size. When the contract 
depth had been reached, bags of concrete were placed 
by divers around the bottom of the interior sides, and 
these, backed by a ring of concrete, deposited through 
60 feet of water. When these operations were com- 
pleted, the water was pumped out, the interior of the 
caisson being found perfectly water-tight. 

The upper space between the outer and inner walls 
of iron plate was fitted with heavy blocks of stone 
imbedded in concrete, up to low-water mark, when 
masonry took the place of the iron work, the whole 
forming one of the strongest and most durable struct- 
ures imaginable, the solid mass of stone and concrete 
alone representing a dead weight of over 6,800 tons. 

Electricity supplies the motive power for working 
the swing span, the American principle being adopted 
throughout. Both the slewing and lift motors are car- 
ried on a platform inside the cylinder, the former 
working through a train of gears a vertical shaft, on 
the lower end of which is a cast-steel pinion meshing 
with a cast-steel rack secured to the top of a pivot 
pier; while the end lift is effected by means of cones 
on horizontal shafts worked by a 35 horse power motor 
gearing onto a longitudinal shaft running the whole 
length of the swing span. 

The estimated cost of the structure, which possesses 
a substantial yet somewhat graceful appearance, is 
$560,000, against $1,478,500, that of the design obtain- 
ing the first premium in the competition open to the 
world; also the necessary works were on a more ex- 
tended scale, by reason of improved approaches having 
to be made. 


Wheat Prospects in Russia.—Consul-General W. R. 
Holloway writes from St. Petersburg, May 15, 1903, 
that, aecording to data compiled by the Ministry of 
Agriculture, the outlook for wheat in Buropean Russia 
is satisfactory. Winter wheat is fair, especially in the 
southern provinces. The spring has been unusually 
mild. 
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SOME LIMITS IN HEAVY ELECTRICAL ENGI- 
NEERING.* 


Ir is customary for a presidential address to be a 
review of the development of the science with which 
the Institution is particularly concerned. Such a re- 
view is especially beneficial in the case of such a 
rapidly growing industry as electrical engineering, 
as the outlook changes considerably during a year. 
Instead of a review of the past, a dream of the future 
may take the form of a presidential address. This 
form has great attractions for me for several reasons. 
In the first place, this kind of prophecy is easy and 
pleasant. I might draw a’rosy picture of a future 
when everything conceivable is done electrically. We 
shall have electrical energy developed direct from car- 
bon at the coal-pits. Not only all our lighting, but all 
our domestic heating will be.done electrically. There 
will be no smoke in our cities or in what will cor- 
respond to them. Most of the dirt of our houses will 
have vanished. Large and crowded towns will have 
disappeared, because the telegraph will have given 
way to its wireless rival, and that will have given way 
to the wireless telephone with no exchanges and no 
subscriptions. There will thus be no need for people 
to go and see one another to transact business. Even 
when matters must be written to preserve a record, 
no office will be necessary. You will dictate by wire- 
less telephony to your shorthand clerk at his distant 
house. Perhaps we shall all learn shorthand instead 
of our present cumbersome system of writing, and all 
books and letters will be in one language, written and 
printed phonetically at speaking speed or faster. The 
horse will have gone, leaving clean and odorless 
streets, with smooth surfaces on which people will 
travel in rapid electric automobiles. The railways 
with very rapid long-distance service will be entirely 
electric. It is very easy to prophesy in this sort of 
way, not only in a general way, but in considerable 
detail; and it is an amusement that brings much 
credit to the prophet. If any of his prophecies seem 
unlikely to come true, he merely has to say, “Wait a 
little!” .While if anything like what he foretells comes 
into existence, say twenty years hence, all he has to 
do is to refer back to an address to claim that he has 
foretold it, and the future inventor will have half his 
credit taken from him and given to the prophet. If 
the prophecies are sufficiently vague, there is certain 
to -be some sort of fulfillment of some of them sooner 
or later, and it is always well to have a good many 
past publications of this sort in stock waiting for 
future development. 

Great though the temptation is, I will resist it, 
and try to look irto the future from quite a different 
point of view. We have been going ahead so very fast 
lately—even our acceleration itself increasing—that 
we may be a little apt to have vague views of what 
we can and what we cannot do electrically. It may be 
well, therefore, to try to look over some of the branches 
of our great and diverse industry, and see what 
obstacles are now opposing us and what are likely to 
oppose us shortly, and whether the obstacles are in- 
superable or not. This sort of prophecy is much more 
difficult than the other, for there can be no credit 
twenty years hence in having said something could 
not be done, even if it has not, while if it has been 
accomplished the position is still more difficult. Nega- 
tive prophecy is thus unattractive. But the discussion 
of our limits may not only have a beneficial effect in 
making us modest, but it may be a much greater bene- 
fit if, by focusing our attention on a limit of any 
development, we find either that the obstacle is theoret- 
ically insurmountable, in which case we must go round 
it, or that it has to be scaled in a particular way. 

There are clearly at least two kinds of obstacles. 
For instance, it is obviously impossible to get more 
than 746- watts out of a dynamo taking one horse 
power to drive it. But the limit of possible speed on 
an electric railway belongs to quite a different cate- 
gory. I will therefore discuss various branches of elec- 
trical technology, to see what may prevent or is pre- 
venting further advance. 

Twenty years ago, this Institution was chiefly con- 
eerned with the development of the telegraph. We 
can get but few telegraph papers now. This is not 
because telegraphy is dead; it is because most of its 
problems are solved, so there is little to discuss. The 
fact that there is little to discuss in telegraphy is the 
proof of its vitality. It has passed out of the child- 
heed of technical difficulties into the manhood of com- 
mercial development. Ten years ago, we were in the 
thick of the evolution of the dynamo and the trans- 
former. But there is little but detail to discuss about 
electrical generating machinery. This is because heavy 
electrical machinery has got through its difficult ‘n- 
fancy and is now a trade, which is the highest compli- 
ment that can be paid to it. But we electrical en- 
gineers have also developed through our difficult train- 
ing into being the scientific branch of the engineering 
profession. Our exactness of calculation and measure- 
ment has leavened the steam engineers and the other 
manufacturers with whom we have to work in con- 
cert. 

No one man can be a complete electrical engineer; 
but each of us ought to know one subject well and 
a large number of allied subjects fairly well. As a 
basis of technical knowledge which I am alone dealing 
with to-night, we must have a fairly all-round knowl- 
edge of “theoretical” physics and chemistry. Physics 
is merely unapplied engineering. Science is split— 
unfortunately, the split is very difficult to heal—into 
two parts, generally wrongly called the theory and the 
practice; or pure and applied science. This fissure is 
not so deep in our branch of engineering, but it is 
there. Science, to be worthy of the name, is knowl- 
edge of Nature utilized by man. Engineering 
ence, and science is engineering. You can cut a 
part and call it unapplied science. This is what is 
generally known as theory or pure science. [{ is nol 
purer than any other science, and the term theory 
misapplied. To be an engineer vou must know 
branches, There is nothing superior about knowleds« 
which is not yet applied. It is mere raw materia’, it 
may be useful when worked up, and it is valwable | 
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fore it is worked up, but only because it may be work¢ a 


up. The so-called practical man who works at appli 


tions without understanding the generalized princi) solve 
is ignorant. He only understands a part of scienq™ ow 
us 


The so-called scientific man who only understan@ 
what is called pure science is just as ignorant. Eae 
understands part of his subject only. 
We as electrical engineers ought especially to hes 
the split between the halves of science; a split whic 
is much deeper in other branches of engineering, suc 
as chemical and purely mechanical. We ought to unil 
knowledge of both branches of science in one ind ars 
vidual as much as possible. ange 


TIDES. ut it 


The tides are often referred to as a possible sourq?atter 
of energy even to this day; and it is urged that @ever f 
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places where the tide rises abnormally, for instanq@@!Te, 2 
in the estuary of the Severn, it would pay to make mt ordi 
dam with turbines. The sort of argument is that (cally | 
you have an area of, say, 1,000 square meters and ightly 
total rise of 15 mcters, you have 15,000 cubic mete oo 


of water, and as this runs in twice and out twice a day 
you have 15,000 cubic meters of water, falling th 
equivalent of 60 meters a day, or approximately 1 
kilowatts. This statement contains many fallacies. |j 
the first place, in crder to get the full advantage of th 
difference of level, the water must be let in and oy 
at high and low tide only. Even then the equivaien 
or average head during discharge or charge is onl 
7% meters. But a system which gave an enormoy 
power for a very shcrt time four times a day woul 
be of no use. The plant would be expensive and th 
result of no value. With a single tank it is impos 
sible to get a continuous output. If the tide is comin 
in and you get the power by letting the tide fill th 
tank, the power will decrease to zero as the tide begin 
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team 
to fall and comes to the same level as the water ij r use § 
the tank. It is therefore necessary to have more t! boile 
one tank. To make the plant practical, you wag ven wi 


fairly constant pressure available on the turbinag.. ¢ 

though you may waste head by sluices or valves. [9.c ¢ 
is often said that a Norwegian fiord or a Scotch lod ith Mey 
could be easily dammed and utilized, but it would b@.. 9 2: 
impossible to find three lochs all opening out togethe@) 
The need for more than one reservoir does not seerg..y js 
to have been recognized. In addition, the demand fo§.,. T 
electrical energy on Scotch lochs or Norwegian fior# ngines 
is rather minute. Bee C 
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WATER POWER. 


Some years ago there was a great deal of exciteme 
about the development of water powers. The poss 
bility of “harnessing Niagara” and utilizing wate @he pres 
falls all over the world was hailed as a great triump @quare « 
over Nature, and the idea was that power could )@er squ 
got for nothing, and industries would all migrate frorBeated 1 
coal districts to the neighborhood of water powen@ication 
The daily press and the magazines took the matte@ngine : 
up, and there is something in the idea of saving som the | 
of the colossal waste of natural energy that appeale@ood in 


especially to the half-scientific or unpractical reade @oiler, 1 
At the time of the excitement, it was pointed ow @mergy } 
largely in vain, that water power did not cost not! @ The t 
ing because the development of a fall demanded ire; ir 
good deal of capital, on which interest and depreciat ic @ifficult 
had to be paid. But further than this “icardo @xplaine 
theory of rent is applicable to water powers as well ken ir 
to arable land. If steam power costs a farthing @ One o 
unit, and if water power at the same place can @tations 
produced for half a farthing, after paying working emftoring 
penses and interest, the owner of the water power wilgeries a 
claim the odd half farthing as rent, or will just allomeduces 


the water power enough to encourage the production @§as engi 


a new thing. Asa rule, however, a water power is nogtherma 
where it is wanted industrially. In the nature a@jater r: 
things, water powers are generally in hilly countrie@ his ar 
and are seldom near the sea. The result is that @fo say, 
water power as a rule cannot command the same pri@gall. W 
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as steam or gas, because it is not where it is wanted 
The idea in starting many of the water-power st 
tions also was that works which needed power woul 


come and settle near. As a matter of fact, the cosmf fusio 
of power is a much smaller item in. most industrie™@!lotrop' 
than is generally supposed, and it does not pay trey, at 
start a works in an otherwise not perfectly suitab no 7 

Me 


locality simply for the sake of the cheap water powe 
In such industries as engine building, flour milling 
spinning and weaving, and so on, the chance of 
ducing the expense for power is not enough to ove 
come other considerations. It may be said that # 
electro-metallurgical processes the whole cost is prat 
tically the electrical energy, and so carbides, alumi? 
ium, electrolytic soda, and chlorate of potash will 
made at water powers. Even this, however, is mif 
leading. Carbides and aluminium are generally maé 
at waterfalls, and chlorate nearly always is. Elect 
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lytic soda and bleach are made at water powers, bug’ SUon 
are also made extensively by steam-driven planig’'®™al 
Against the cheaper power, we have to put extra carr ‘— o 
age for materials and for coal, which is often neede e he 
in addition, and extra carriage for finished products therm 
and very often extra cost of labor, as’ labor is ofte — o 
dear and bad in water-power districts; It may thu sy ar 
easily pay to use much more expensive power if tb By 
other conditions are more favorable. Steam powemg °°. 
for instance, will cost three or three and a half time In , 
as much, and yet it pays to make electrolytic caustigg’ “y | 
and bleach in England where the other conditions am 
all favorable. It is not, therefore, the want of watej™ ® 
power that has kept the electrolytic industry ba - : 
in this country. For a water power to,be really valt ot, ea 
able, it should be near a source of matemial, on the 
and should have a great head of watér, so that th _ will 
capital cost of development is small. Such a wate] ay 
power {fs very valuabl he landlord oe int 
A blast furnace is more valuable than a water 1 / 
he first 
There are plenty in England. But the own hake th 
have been wasting the gas up to now, wil! not @ ast thi 
away; they will want rent. so that it will only may be 
pay to use thi rather than make The els he stear 
ndustry thus does not «ain, but the iren-ma dvances 
CARBUN ighly 
For many vears, “electrical energy direct fror 
has been the dream of the e tro-chemist T! oo a 
to say, he has dreamed of an electrolytic cell in alt 
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e consumed electrode is carbon. The best way to 
malize the difficulties of this problem is to consider 
solved and see what it means. The carbon must be 
1 contact with an electrolyte, and that electrolyte 
ust either be in contact with a second electrolyte 
“hich wets the other electrode or must itself be in 
yntact with that electrode. This second electrode 
just almost certainly be metal, as there are no other 
on-metallic conductors available. Such compounds 
s the hydrides, nitride, oxides, chloride, bromide, or 
1e sulphide, or silicide, of carbon are not salts in the 
lectrolytic sense. Carbon forms part of the electro- 
ositive radicle in the organic radicles and part of 
ne electro-negative radicle in the cyanogen compounds, 
ut it is never a radicle by itself. To sum up the 
atter shortly in the light of modern theory, carbon 
ever forms ions, and has therefore no solution pres- 
ire, and can therefore give no electromotive force. 

t ordinary or moderate temperatures, carben is prac- 
cally inert. Oxidizing agents will attack some forms 
ightly, and sulphuric acid will attack it. In this 
atter case, the formation of water and its combination 
vith the acid is the determining factor. At high tem- 
eratures, oxygen, sulphur, silicon, and to some extent 
itrogen, and many of the metals combine with carbon, 
ut there is no dissociable salt of carbon formed. The 
arbon cell thus seems impossible. Such schemes as 
r. Reed's, ingenious as it is, is not a solution of the 
roblem. It would be simpler to reduce zinc oxide 
rith the carbon and then put it in a zine cell. 

It is hardly necessary to discuss thermopiles or 
hermo-magnetic engines as possible economical pro- 
ucers of electric power. 

STEAM ENGINES. 

The primary question in all heat motors is, What 
smperature range is available? In the case of a 
team engine there is enormous waste of mutivity— 

use a variation of Lord Kelvin’s convenient term— 

boiler flues. We burn carbon and hydrogen, capable 
ven with air of giving a temperature of some 1,500 
eg. C., and the heat is degraded dewn to some 200 
eg. C. That is to say, instead of getting the heat 
yith a mutivity of about 0.825, we degrade it down to 
ay, 0.35, aclear loss of 0.45 out of 0.8, or 56 per cent. 
his degradation is apart from the efficiency; the effici- 
ncy is concerned with the loss of heat up the chim- 
ey. The higher limit in large modern reciprocating 
ngines may be taken, roughly, at 600 deg. A. (327 
eg. C. or 620 deg. F.) Above this, there is difficulty 
m lubrication and to some extent weakening of the 
vaterial. The pressure corresponding to this tempera- 
ire for saturated steam is out of the question, and 
he pressure may be taken at, say, 12.5 megadynes per 
juare centimeter or 12144 atmospheres, or 200 pounds 
er square inch, and steam leaving the boiler super- 
eated to 600 deg. A. does not get at the cylinder lub- 
ication at that temperature. Our limits in the steam 
ngine are thus pretty clearly defined. The pressure 
the essential factor. Superheating is not much 
ood in the way of getting higher mutivity in the 
oiler, nor is it very important in getting much more 
1ergy into the steam. 

The turbine is under the same limit as regards pres- 
ire; in fact, high pressures are perhaps even more 
ifficult to use, and superheating does not, as already 
‘plained, seriously increase the mutivity of the heat 
ken in by the boiler. 

One of the chief disadvantages of steam engines for 
ations with small load-factors is the difficulty of 
oring energy so as to get uniform boiler load. Bat- 
‘ries are no longer used for this, and the difficulty 
“luces the value of steam in comparison with the 
as engine. Mr. Druitt Halpin has proposed, and used, 
thermal storage.” Lagged vessels are filled with 
rater raised to the temperature of the working steam. 
his arrangement, however, is not isothermic; that is 
) Say, to get out the energy the temperature must 
ill. What is wanted is a reservoir containing some- 
1ing which undergoes a physical or chemical iso- 
1ermal change. For instance, a substance that fuses 
t the right temperature and has a high latent heat 
f fusion, or substance which, like sulphur, changes 
llotropically with considerable change of internal en- 
rgy, at a suitable temperature. Unfortunately, there 
; no substance within the range of practical engineer- 
ig. Moreover, the storage is on the wrong side of the 
ngine. To store heat with a mutivity of only some 
35 is not so promising as to store some higher form 
f energy. The secondary battery thus begins with 
n apparent advantage. The difficulty of storage is 
nother drawback to the steam engine, and gives the 
as engine a further advantage. 

THE GAS ENGINE. 

There is no other comprehensive name that covers 
the type of engine worked by gas and oil. The com- 
ustion need not be internal, and perhaps will not be 
iternal in the future, but in a sense all are worked 
y gases, 

We have in the gas engine a machine which, from 
thermo-dynamical point of view, ought to be exceed- 
igly good; but the difficulties in building, especially 
ery large engines to utilize the high possible mutiv- 
ty and saving by having the heat produced where 
sed, reduce the efficiency of the gas engine enormous- 

In spite of that, the large gas engine seems likely 
) oust the steam engine for large powers during the 
ext few years. The best way to get a high efficiency 
ut of a gas-engine would probably be to make it com- 
pound, exhausting at a temperature suitable for rais- 
* steam. The steam engine would then exhaust at 
temperature suitable for raising SO, vapor. But the 
ances are that Dowson, Mond, or other producer 
as will be available at such low prices that the extra 

‘cam and dioxide engines would not pay for attend- 
nee, interest and depreciation. With very cheap gas, 
he first thing is to make big engines, the next to 
lake them so that they never break down, and the 
ast thing to make them efficient. The gas engine 
hay be, comparatively speaking, in the state Watt left 
he steam engine, but it will doubtless make very rapid 
dvances, as it is in the hands of very competent and 
ighly educated engineers. 


DYNAMOS, 


As regards efficiency, we have reached the practical 
mit already, for further reduction in dynamo losses 
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would make no appreciable difference in the total etti- 
ciency of a station. In fact, we are rather following 
continental practice in having slow-running machines 
with many poles, even for direct currents, and effici- 
encies are perhaps lower for large machines than in 
the best English practice of a few years ago. This is 
also true as regards output from a given size. We are 
not likely to make much advance in dynamos now, as 
we are limited on one hand by the hysteresis loss in 
iron, which prevents our using higher inductions in 
armatures, and low permeability, which limits our 
field and armature tooth inductions. It does not seem 
likely that we shall now find iron much better in either 
respec& Nor are we likely to find a better available 
conductor than pure copper. As insulator we have 
mica. It looks, therefore, as if we were within sight 
of our limits in dynamo and motor designs. 
SECONDARY BATTERIES. 

The secondary battery in central station work has 
been used as a store to equalize the load, and to re- 
duce the running plant at the times of heavy load. 
Owing to the high full-load station pressure with 
feeder systems, the station battery is generally for use 
at light loads only. But the secondary battery has 
for a long time been on the border of success for trac- 
tion work, both on tramways and on the road, and a 
further improvement in batteries may be expected to 
produce very great changes in important branches of 
engineering. 

The first question asked is, Why do we stick to lead? 
The answer is that the case is very special and other 
things will not do. We are practically limited to lead, 
at any rate in acid cells. Take first the plate that 
oxidizes on discharge. It should not dissolve in the 
electrolyte, as if it does the deposition and solution 
will be uneven, and the plate will grow trees and 
come to grief. This puts zinc out of cour, unless 
some electrolyte is used which gives some insoluble 
salt of zinc, which does not attack zinc on open cir- 
cuit, and gives a good electromotive force with it. 
Iron is out of court for the same reason; there is no 
suitable electrolyte. The strong organic acids such as 
tri-chloracetic or oxalic are apt to have their positive 
radicles split up by electrolysis, even if a strongly posi- 
tive metal can ke found with an insoluble salt. Lead is 
thus the only metal practically available in an acid 
electrolyte. Silver in hydrochloric acid would give no 
pressure, and the acid would be decomposed at the 
anode. On the other plate we need an insoluble de- 
polarizer, else a two-fluid cell must be used, involving 
a porous diaphragm, diffusion and impracticability. 
Not only must the depolarizer be insoluble, but it must 
be converted into an insoluble body on discharge. 
The coating must be a conductor in one state or the 
other, or there will be no proper contact. In the lead 
cell, there is always enough peroxide and metallic 
lead in the coatings to secure electrical contact though 
the discharge product is an insulator. The depolariz- 
irg coating must be connected to a conducting plate 
w .ich is not attacked by local action. Lead and silver 
are the only available metals, and sulphuric, and per- 
haps phosphoric, the only acids, for the nitrate of lead 
is soluble and hydrochloric acid is decomposed by lead 
peroxide. Lead is protected by its coating of sulphate, 
or peroxide as the case may be. It thus seems as if 
we were limited almost absolutely to lead and sulph- 
uric acid. It is wonderful that we have the lead cell 
at all. We owe it to the chance observation of Planté. 
The theory was not understood for a long time. For 
many years it was thought that the pressure was due 
to the PbO, and Pb changing into PbO. The acid was 
merely put in to make the electrolyte conduct, and 
sulphuric acid was used because people used it in gas 
voltameters, and they never thought that it ought to 
be as strong as practicable to give the pressure and 
output. The formation of lead sulphate was regardea 
as a difficulty to be overcome. 

In the lead cell we want lightness, large capacity, 
cheapness, rapid discharge, efficiency, and mechanical 
strength, and durability. These qualities are mostly 
antagonistic. Large capacity means rapid deteriora- 
tion. Mechanical strength means weight. It is thus 
no use testing a cell for capacity without testing the 
efficiency and durability too, and so on. Published bat- 
tery reports are often misleading, because they omit 
essential information. 

CABLES. 


The conductor itseif can hardly be improved, but 
there is great room for improvement in the insulation. 
It is largely the insulation of the cables that limits 
our pressures, and therefore our distances of trans- 
mission. For 1,000 kilowatt cables, the cost is about 
a minimum for 8,000 volts; above that, the cost of in- 
sulation increases faster than the cost of copper falls. 
It is exceedingly unlikely we have reached the limit 
in insulation. There is no branch of electrical engi- 
neering so important as cable making. Cables form 
a large portion of the capital outlay in large systems. 
Yet there is no branch of the industry which is run on 
less scientific -lines. The days of secret mixtures 
known only to the workman who makes them may be 
passing away; but even now the whole art of cable- 
making is a question of trial and error, with a good 
deal of the last component. Engineers do not know 
now whether rubber is better than paper, nor can they 
tell what any particular make of cable will be like 
after ten years’ use. 

LIGHT. 


Our chief work, until lately, has been producing 
light. Here the inefficiency and waste is prodigious, 
and though it is mostly unavoidable, there is still great 
room for improvement. We take great care over our 
stations, watching every penny from the coal shovel 
or mechanical stoker to the station meter. We quarrel 
over 1 per cent in the generators. When we get to 
the mains we care less, and once we have got to the 
consumers’ meters we care nothing at all. 

Practically all light is wanted for use by the human 
eye. The human eye is exceedingly sensitive; it is 
calculated to see a distant star when receiving 10-* 
ergs per second, so that one watt would enable, say, 
five thousand billion people to see stars with both eyes, 
but it would have to be used economically. In read- 
ing a book, the eye would need much morc than this; 
and then, as the book radiates light in half of all di- 
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rections, only a little is used by the eye, so even if all 
the light from a source were concentrated on a book, 
there is enormous waste by useless radiation from 
the book. But the source of light does not illuminate 
only the book; the book probably subtends a small 
solid angle, so we have another source of waste. The 
eyes reading a book in a fairly good light want some- 
thing of the order of two ergs per second, so that a 
watt would only work the optic nerves of, say, the in- 
habitants of London. But the book, say 200 square 
centimeters, would need about 3,000 ergs a second to 
illuminate it. A candle, which gives a light of 42 
radiates about 0.2 watt, or five candles a watt; that is 
to say, at an efficiency of unity, we would get five 
candle-power or 20 units of light per watt. The effici- 
ency of a glow-lamp is only about 0.25 candle-power 
per watt, or 0.05, so there is room for improvement. 
The first thing, naturally, is to see what limits there 
are in the way of increased efficiency. The obvious 
goal is direct production of “light without heat,” by 
which is meant producing only the rays of wave-lengths 
which affect the eye. 

There is no thermodynamical reason why electrical 
energy should not be converted directly into radiation 
of any wave-length without loss; I do not know if 
there is any molecuiar impossibility, but apparently 
our limits are practiceal—that is to say, it may be 
done, but we have not yet hit on the way of doing it. 
The vacuum tube appears to be a means of converting 
electric power direct into radiation. The Cooper- 
Hewitt lamp, for instance, gives an efficiency of about 
three candles pe: watt, or something like 0.6. All these 
figures as to light are a little vague. Unfortunately, 
the light is of a very bad color. It is very actinic, but 
the wave-lengths are too small. One method is to de- 
grade the light by making it act on silk dyed with mat- 
ters which lower the radiation to a redder color by 
fluorescence. 


THE ARC LIGHT. 


The are has been very fully studied in some direc- 
tions and not in others. Most makers of are lamps 
seem to devote their whole attention to the mechanism, 
and look upon the arc merely as a hot gap that has 
to be preserved by suitable apparatus. Many lamp 
makers, on the other hand, have records of exhaustive 
experiments on the relations of the pressure, current, 
and light with different carbons; but they are very 
seldom published. On the other hand, an enormous 
amount of laborious experiment on such points as 
these is available, and on the back electromotive force 
of the are. The physics of the arc, an exceedingly 
difficult branch of study, has not received much sys- 
tematic attention yet. The crater of an arc is, no 
doubt, heated to the point of volatilization of carbon 
at the pressure of the air. If other gases get at the 
crater, the vaporization temperature would be less. 
(There is a small increase of pressure which I sug- 
gest is due to the electromagnetic effect of a current 
localized in a conducting fluid. This may be neglect- 
ed.) The crater may be rough, as carbon, though it 
softens, does not melt before volatilizing, and it may 
be merely speckled with points at its volatilizing tem- 
perature, so that its brightness is not uniform. But 
there are so many anomalies about the arc that one 
cannot say anything definite with safety. For in- 
stance, if the temperature is limited by the vaporization 
of carbon, what must be the specific heat of vaporiza- 
tion of carbon? Where does the vapor go, and what 
happens to it in an inclosed lamp? In condensing 
into smoke, it should give light of the same color as 
the crater. If it has an enormous specific heat, it 
ought to raise the other pole to crater temperature 
where it condenses. If it is a light gas, a larger por- 
tion of its specific heat of vaporization may go to ex- 


ternal work. Most of the upper carbon is burnt 
away by external air; if a pencil to match 
the crater is  volatilized, it does not account 


for much power. If the vapor is very light, there 
must be large volumes from the upper carbon. 
Then what conducts? Carbon vapor alone, or 
mixed with a little monoxide or nitrogen, is a very 
good conductor at these temperatures. Does that go to 
show that carbon vapor dissociates like iodine or chlor- 
ine, etc.? The whole question of the physics of the arc 
deserves far more careful study than it has yet received, 
but the work is surrounded with difficulties and is 
really a branch of the theory of the passage of elec- 
tricity through gases, a matter of the greatest scientific 
importance, somewhat out of our way as practical elec- 
trical engineers. But as engineers in the broader sense, 
we are as much interested in questions of recondite 
physics as of costs of generation. 

To sum up as to the are light, we do not seem te 
have reached our limit as to light from pure heating, 
because we lose a lot of light into the opposite carbon. 
Many attempts have been made to expose the <¢rater 
freely. But, far more important than this, I would 
urge that the arc is not necessarily a hot body radiator 
only, but that it may also convert electrical power di- 
rectly into light in the space between the electrodes, 
and this gives a chance of rising more nearly to our 
theoretical limit of about five candles per watt. 


THE INCANDESCENT LAMP. 


This simple hot carbon wire in a bulb involves the 
most extraordinary physical complexities. A great 
many curious things go on inside the simple-looking 
globe. A good acount of what is known—especially 
since he took the subject in hand—has been writien by 
Dr. Fleming, and the scientific manufacture of this in- 
teresting article has been fully described by Mr. Ram. 
The incandescent lamp is a simple hot body radiator, 
and the limit of efficiency depends chiefly on the tem- 
perature of the carbon. As we are limited by the size 
of mains, we can only use pressures of 100 volts or 200 
volts, and this limits us to carbon or something of still 
higher specific resistance. The sensitiveness of the 
carbon lamp to pressure in its turn limits the practical 
variation of pressure of supply, and thus costs us very 
heavily in mains. If we had incandescent lamps which 
did not mind 20 per cent pressure variation, we would 
have saved millions in mains in this country alone. 

The idea of making lamps of carbides has become 
very fashionable lately. People have put oxides into 
carbon for the last twenty years. The old idea is to 
get hold of an oxide that radiates more light at a given 
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temperature than it ought to, which is itself a fallacy, 
while the idea of oxide in contact with carbon is chem- 
jm .y absurd. There is no oxide irreducible by hot 
carbon. The carbides are not by any means all re- 
fractory. Some are, though, but there are immense 
difficulties in making carbide lamps. To make a fine 
filament material of an infusible material, which can 
be made only at electric furnace temperatures and is 
generally decomposed by moist air, is not an easy task. 
It is easy to think you have made a carbide lamp by 
incorporating an oxide in the filament material, but the 
resultant filament is generally mostly, if not wholly, 
carbon. What happens to the metal in the circum- 
stances is rather a mystery. There is, however, a 
chance of enlarging our limits in incandescent lamps of 
the ordinary kind, but it seems strange that the melt- 
ing points of all known materials should suddenly 
reach a higher limit. Assuming the Stefan-Boltmann 
law for ordinary light radiations, the fact that the 
efficiencies of refractory bodies all reach limits of the 
same order shows that the most refractory bodies melt 
at about the same temperature, somewhere in the 
neighborhood of 3,000 deg. A. Whatever the inter- 
molecular forces may be that bind the particles to 
make solids, the vibration forces due to temperature 
seem to overcome the greatest at about 3,000 deg. 

Instead of an ordinary conductor, Nernst uses an 
electrolyte which stands a higher temperature. The 
conduction is electrolytic, as can easily be shown, but 
there are many curious phenomena, many of them so 
far unexplained, in the Nernst lamp. The efficiency 
of the Nernst lamp is about 0.6 candle per watt. It 
was at one time supposed to owe its efficiency to selec- 
tive emission, but there is no reason to doubt that it is 
a pure temperature radiation. 


ELECTRIC HEATING, 


The limit of electric heating is clearly purely finan- 
cial. To convert heat into other energy with a very 
small efficiency and to send it out by expensive cables 
and then to degrade the energy down to heat again is 
obviously much dearer than burning coal or gas di- 
rect. But in many domestic cases, the convenience 
is so great that the limit is not so low as might be 
thought, and electric heating for cooking and other 
domestic uses may develop considerably. The electric 
are and incandescent lamps are essentially cases of elec- 
tric heating. By far the most important use of electric 
heating is the furnace. Here the temperature avail- 
able is only limited by the volatilization of the elec- 
trodes, and this enables us to get temperatures other- 
wise unavailable, so that we can get chemical actions 
which are impossible at lower temperatures, either be- 
cause they are endothermic or because the materials 
do not come into chemical contact at ordinary tem- 
peratures. It is impossible to say what our limits are 
in the electrical furnace. Probably the temperature is 
limited by the volatilizing of carbon. The products 
are not limited to endothermic compounds; the fur- 
nace is useful for the reduction of metals and phos- 
phorus, and for melting glass and, it is hoped, silica 
for optical and laboratory purposes, and perhaps for 
cooking utensils and evaporating pans and crucibles in 
chemical engineering and metallurgy. 


RAILWAYS. 


It is almost absurd to begin to consider the limits of 
the use of electrical transmission on railways at this 
date. The future of electric railways, electric tramways 
and automobiles is rather a matter of vague con- 
jecture and picturesque prophecy. Tubes are multi- 
plying rapidly, and railways are putting down electric 
transmission on suburban lines in Europe and the 
States. On short lines with many stops, we have to 
contend with inefficiency at starting. On long lines, 
there is difficulty of transmission or cost of transforma- 
tion and difficulties of collection. We are limited by the 
want of either a variable speed simple alternate-current 
motor or a simple variable speed-gear capable of trans- 
mitting a very large torque and packing into an engine. 
A recently developed scheme is the use of low-frequency 
alternating currents with laminated series-wound mo- 
tors. This solves the difficulty, but at the expense of 
large idle current, induced pressure in short-circuited 
armature coils, large expensive and inefficient trans- 
formers, and the ordinary disadvantages of the series- 
motor on constant pressure. This plan is well worth 
serious study. 

The collection of large currents at great speeds has 
long loomed as a limit. The published accounts of ex- 
periments at Zossen would lead us to suppose there is 
no trouble on this score. Still, it is a difficulty many 
engineers fear. 

In electric tramways, there is no limit in sight. The 
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power can be sent over any distance desired, and there 
seems to be no limit to the people who want to travel 
on electrical trams. The question of electrolysis is 
rather that of a limit to the duration of pipe com- 
panies’ property. It is a vry difficult question. 
Though the threatened effects of electrolysis have no 
doubt been exaggerated, it is at best a question of de- 
gree, and the ingenuity of engineers is continually 
reducing the chance of damage. It has recently been 
urged that frequent reversals of polarity of the system 
reduce the electrolysis very considerably. 


ELECTROLYSIS. 
This is a branch of industry in which it is very diffi- 


THE ENGINE STOP WITH ITS COVER OPEN. 


cult to tell our limits. In electrolytic copper-refining, 
our limit is that of the copper wanted. Our electrolytic 
industries suffer mostly from the limits of intelligence 
of the investing public. It is assumed that we cannot 
do electrolysis in England because we have no water 
power. This is only an excuse for inactivity. As 
already explained, we can do just as well without water 
power. A blast furnace is much more valuable than a 
waterfall of similar power, because it is near coal aiid 
in an industrial district. Moreover, as already ex- 
plained, the cost of electrical energy is a small portion 
of that of most electrolytic products. At first, elec- 
trolysis was to be applied to copper-refining. Then to 
caustic soda. The output of electrolytic caustic is 
really rather limited by the demand for bleach. What 
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Thus a sulphide, say galena, is treated with chlorine, 
which gives off the sulphur as sulphur, which is con- 
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densed and sold, making chloride of lead. The silver 3” penn 
is extracted by stirring with a little lead, and the sean 


fused salt is then electrolyzed, yielding pure desil- # it-b 
verized lead and chlorine. The process is thus self- — 


contained, yielding sulphur, lead and silver. It is wees 
specially applicable to mixed refractory ores which #U!™P 
are now nearly valueless and very plentiful, and con- 
tain much metal content, such as the mixed lead-zinc 
sulphides of America or Australia. These reactions 
have been proved on the large or ton scale, and there 
is no technical difficulty. Unfortunately, mine people 
are somewhat ignorant of electrical matters, and it” 

™ 

is exceedingly difficult to get them to understand or 
appreciate a process like this, capable though it may };.,, aute 
be of paying good dividends on very large capitals 4\),).. jn 
indeed. 

Our limit in electrolysis in this country is almost en-F \),. py 

tirely human inertia. Commercial and financial people § ie a 
do not understand it, and fight shy of it. But. our” ptne 
technical people are nearly as bad. The pure physicist, 9),....,,5 of 
as a rule, takes no interest in electrolysis or physical hny part 
chemistry, and thinks it belongs to the chemical class 
room on the other side of the passage. The chemist §).../;oq 
thinks it is higher mathematics and will have none @,),...; -j¢a] 
of it, the mathematician thinks it may be an exercise yen 
in differential equations; but they are all agreed that@ oo... em 
it is a sort of Continental fungus which flourishes]§,..9)< t¢ 
with no roots, and that it is beneath the attention of a@,,,,<; rem 


is urgently wanted is some other way of storing and 
carrying chlorine. Steel bottles and compression plant 
are an unsatisfactory solution. What are the limits 
in the way of electrolyzing fused salts? They are all 
incidental limits. The containing vessel is a difficulty. 
Sodium vapor attacks all silicates. Sodium distills 
near the temperature of fused salt. If not volatilized, 
it forms a conducting bridge from the kathode. It 
attacks iron, though slowly. Hot porcelain and earth- 
enware conduct electrolytically—as, by the way, the 
maker of electric frying-pans knows—hot chlorine at- 
tacks metals, even when dry, and hot carbon cannot 
be exposed to the air. In addition, sodium, and 
perhaps chlorine are soluble in hot salt, and traces 
of sulphate in the salt act as carriers. I could a tale 
unfold if I read out laboratory notes of sodium experi- 
ments on a fairly large scale. The difficulties are all 
incidental, though, and I have little doubt electrolytic 
sodium at a few pounds per ton will be in the market 
soon, and will affect profoundly many chemical and 
metallurgical industries. 

In metallurgy, electrolytic solution processes are in 
use or on trial for the more valuable metals, such as 
copper and nickel. The reaction between chlorine 
and metallic sulphides at high temperatures brings 
the whole domain of sulphide ores under our sway. 


SECTIONAL VIEW ILLUSTRATING THE OPERATIVE MECHANISM 


OF THE MONARCH ENGINE STOP, 


THE MONARCH ENGINE STOP APPLIED—VERTICAL 


scientific man to know enough about it to give a reason @)}y,s¢ in 


for the broad statement that it is all nonsense. rom thr 
—-~ -—- uushed—t 

AN IMPROVED SYSTEM OF ENGINE STOPS. vork. A 

he ste j 

Suop tools and factory machines are usually driven wae — 
from a central source of power comprising one or more Ben) jyon ¢ 
engines. Should these engines for any reason be in-@p. . ing | 
jured, the entire shop or factory system is immediately §,, arings 


crippled. Moreover, accidents may arise through the®), outer 
sudden throwing-off of loads, as by the breaking of a o which 
belt, by which considerable loss of life and property §),,.,;) vie 
may be caused. The efficiency and safety of the plant®, i, j.4. 
are increased as the possibilities of accidents are erate t 
lessened. That devices should have been invented for™,;,,, shaft 
the purpose of stopping an engine in cases of emerg- which pre 
ency would follow from the very existence of such®,,,, 


emergencies. It is the purpose of this article to de§;, aul 
scribe a system of engine stops which has earned forg, ..,; ;,, pe 
itself no slight reputation for efficiency. The mass 
The system in question, introduced by the Consoli- battery. ¢ 
dated Engine Stop Company, of 100 Broadway, New button, th 
York, under the name of the Monarch System, con pelensins 
sists essentially of four units—the engine stop form, poo 
automatically closing down the engine in cases of B Pronets 
thus allov 

the valve 

sprocket-y 

wheel att 

before m: 

posite or 

sists ofa 


On this e1 
S, passing 
ton P, se 
this serev 
the air b 
a perfect 
may be vi 
ing the a 
passage J 
valve V, ¢ 
leasing-va 
bottom of 
and the th 
com presse 
leasing-va 
Seat softl 
tightly. 

Among 
constantly 
on runnin 
many live 
Teason of 


EQUIPMENT. 


5 
4 
E j = “4 3 


1908. 


chlorine, 
ch is con- 
The silver 
and the 
ure desil- 
thus self- 
r. It is 


lead-zine 
reactions 
and there 
ne people 
Ss, apd it 


stand or 


it may 


capitals 


most 
al people 


But. our 4,, 


yhysicist, 
physical 


Jury 11, 1908. 


mergency; the speed limit for automatically checking 
n excessive speed of the engine; the vacuum valve 
yr automatically opening communication between the 
sterior of the condenser and the atmosphere, and the 
ircuit-breaker trip for automatically tripping the cir- 
iit-breaker in cases where generators are operated in 
nultiple. Each of these four units performs its func- 


automatically when the necessity arises. The 
yhole insures both the safety and integrity of the 
‘the purpose of the Monarch engine stop is to pro- 
Aide a means of stopping the engine at times when 

uptness is the mcrin thing to be considered. By 
cans of the stop the engine can be closed down from 
Puy part of the building by closing the circuit with 
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ush button, snap switch or any form of circuit closer 

lesired. The various buttons operate the stop through 

rical connection. These buttons may be located 

onvenient points, and can be protected from meddle- 
ome employes; their number is not limited. The 
neans to stop the engine are ready at hand at the 
vost remote place of factory or shop. The stop works 
‘most instantaneously, for the throttle valve is closed 
tom three to ten seconds after the button has been 
sushed—much more quickly than any human hard can 
vork. An electric gong is rung automatically when 
he stop is operated to notify the engineer. 

The mechanism of the stop is inclosed in a cylindri- 
‘al iron case or shell, the upper half opening on hinges. 
Passing through this shell or case, turning on Ball 
earings, is a steel shaft 114 inches in diameter, on 

he outer end of which is attached a drum or pulley 

o which is bolted a sprocket H, as indicated in the 
letail view. Around this drum passes a wire cable G, 
o which is attached a weight which furnishes power to 
yperate the device. Inside the case and fastened to 
he shaft is a ratchet-wheel F, engaged by a pawl B, 
which prevents the weight from turning the shaft in 
he direction that closes the valve. This pawl is held 
in engagement with the ratchet by a vertical lever D, 
held in position by the left end of the armature-lever EZ. 
The megnets A are placed in circuit with an electric 
battery, and when the circuit is closed by pressing a 
button, the armature end of the lever EZ is pulled down, 
releasing the upper end of the vertical lever D, which 
also serves as a hammer, striking a lug on the pawl 
B, throwing it out of engagement with the ratchet, 
thus allowing the shaft of the stop to revolve and close 
the valve, by means of a link belt attached to the 
Sprocket-wheel of the stop engaging a similar sprocket 
wheel attached to throttle-valve stem, the weight as 
before mentioned furnishing the power. At the on- 
posite or right end of the stop is a dash-pot which con- 
Sists of a eylinder into which the piston P fits closely. 
On this end of the shaft is cut a square-threaded screw 
S, passing through a nut fastened in the center of pis- 
ton P, so that, as the shaft revolves, by means of 
this serew, the piston is carried into the cylinder, and 
the air behind its inner face is compressed, forming 
@ perfect cushion. The speed at which the stop acts 
may be varied by turning the by-pass valve V, govern- 
Ing the amount of air that is forced through the air 
passage J as the piston moves in. Below this by-pass 
valve V, and in piston P, is located the adjustable re- 
leasing-valve O, which is opened by contact against the 
bottom of the dash-pot. After the piston has cushioned 
and the throttle-valve of the engine is near its seat, the 
compressed air in chamber 7 escapes through this re- 
leasing-valve O, allowing the throttle-valve to take its 
but yet with sufficient force to close it 

ightly. 

Among the most disastrous accidents which occur 
constantly are those due to the bursting of flywheels 
on running engines. Such accidents cause the loss of 
many lives, and entail an enormous loss of mon ; 
Teason of the damage done to machinery and property. 
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The Monarch speed limit is a device for automatically 
preventing the excessive speed of an engine, and hence 
obviating just such accidents. The maximum speed is 
never allowed to approach the danger point. The 
speed limit is directly connected with a main flywheel- 
shaft and can be set to act at any number of revolu- 
tions. When the speed of the engine exceeds the de- 


CORLISS ENGINE STOP AND DIAGRAM OF MECHANISM. 


sired number of revolutions, the speed limit operates 
the stop automatically by electric contact immediately 
shutting off the steam. The limit is closed in an iron 
case, which occupies the small space of 7 x 12 inches. 
The construction comprises a pair of governor springs 
arranged on a horizontal shaft and provided with the 
usual balls. When the speed increases beyond the de- 
sired point, the balls, separating by centrifugal force, 
move a sliding collar on the shaft with which they are 
connected, until the collar comes in contact with two 
electrical terminals. Thus the electrical circuit is 
completed, and the stop operated. These terminals 
can be adjusted at will, so that the circuit is not closed 
until the engine reaches any desired speed. 

The Monarch vacuum-valve creates a vacuum in the 
condenser automatically, and prevents the cylinder 
from taking water when the throttle is closed and the 
pressure shut off. It is operated by electrical connec- 
tion with the stop, simultaneously with the shutting off 
of the steam. The vacuum-valve can be located at any 
desired point. The device consists of a cylinder con- 
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nected with the condenser, and is provided with a port 
which is closed against the atmosphere by a valve 
movable up or down in the cylinder and operated by a 
horizontal lever. This lever is held in position by the 
right trigger end of an armature lever. The magnets 
are in circuit with the electric battery, which operates 
the stop; when the circuit is closed by means of the 
push buttons, or automatically by the speed limit, the 
armature-lever is pulled down, releasing the horizontal 
lever, thus allowing the spring to operate and lift the 
valve, and opening the port in the side of the cylinder 
to allow air to flow through the connecting pipes into 
the condenser. 

In electric light and power plants, or in any place 
where generators are operated in muitiple, it often be- 
comes necessary to provide some means of opening the 
generator circuit simultaneously with the closing of 
the throttle. It is this end which is accomplished in 
the Monarch system by the use of the circuit-breaker 
trip. This device automatically trips the circuit-break- 
er in the generator circuit at the time the throttle-valve 
is closed by the stop. Sometimes it becomes necessary 
to apply the engine stop directly to the governor in- 
stead of to the valve. For this purpose the Corliss en- 
gine stop has been designed. Although differing in 
mechanical construction from the stop previously de- 
scribed, it is nevertheless similar in so far as it is 
operated automatically. The machine consists of three 
parts of a cylinder which is attached to the governor 
column, a valve for admitting steam to the cylinder, 
with an electro-magnet for releasing the valve, which 
may be placed in a convenient position, and, finally, 
the speed limit. 

The valve k is held closed by the armature g of the 
electro-magnet 0. When the circuit pp is closed, the 
movement of the armature g releases the lever h, which 
in turn releases the valve k, allowing the steam to 
open the valve and pass into the cylinder a, and to 
force the piston c upward. This engages a clamp d 
attached to the side rod m, and raises the governor 
balls nn to their highest position n’n’, and by the check- 
valve /, they are held there, thus preventing the grab- 
hooks from opening the main valves. 

Simply by replacing the lever h and opening the drip 
valve i, the governor is allowed to slowly settle to its 
natural position. It is then necessary for the engineer 
only to rock the wrist plate forward and backward to 
set the valves in the proper position to admit steam. 
The engine is then ready to start. 

The system just described has been installed in many 
of the biggest plants all over the country where steam 
is used for power. The increase in the use of electric 
motors for power purposes has shown the need of a 
device which will do for the electric motor what the 
engine stop does for the steam engine. This want has 
been met by the Monarch motor stop, an exceedingly 
practical apparatus, which places an electric motor or 
a motor-driven machine under absolute control from 
any part of the works. Snap switches of the improved 
dial pattern are placed at different points wherever de- 
sired, and one turn of the switch operates a separate 
battery system which throws the main switch at the 
board. These switches are always available for imme- 
diate use, but are protected from meddlesome and un- 
authorized employes. The switchboard is a sheet of 
marble or slate carrying a testing apparatus as well 
as the main switch. The board itself can be used as a 
main switchboard or it can be placed in the office or 
other part of the plant and used only in emergencies. 
The apparatus can be tested from the switchboard to 
detect low battery power or short circuits. The sys- 
tem of wiring is patented and is so simple that chances 
of trouble with it are extremely remote. The Monarch 
motor stop can be connected with any size of motor 
using any kind of current. It will stop a machine un- 
der load in two fo five seconds, and can be applied to 
protect the whole line, or a limited number of motors 
or a single motor. This new apparatus gives the 
company a system of power-control and speed-limiting 
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devices which meets every requirement for electric as 
well as steam-driven machinery. 

Both in connection with the motor stop and the en- 
gine stop, a patented system of wiring is used by which 
every foot of wire throughout the building can be 
tested an? a breakage ai 1 low batteries detected. The 
test may reveal a broken wire or weak batteries. 
Though attention is given to them at once, it might 
happen that there would be necessity for shutting 
down the engine for some accident pending the repair 
of the wires. If such be the case, by the system of wir- 
ing described, every button in the plant would be avail- 
able so that the system would not be crippled for a 
moment. Only when the wires are broken off at both 
sides of a button, a very remote possibility, would the 
system be crippled. The possibility, however, of a 
single break somewhere along the line is quite obvious, 
but the system of wiring will detect this. Yet the en- 
gine stop or motor stop will not be crippled in any way 
as above mentioned. 

The engine stop or motor siop can be operated from 
the lighting current. Only about ten or twelve volts 
are required, but by using resistance coils, the current 
can be taken ‘rom a 110 or 220 volt system in the build- 
ing, thus dispensing with batteries. 


MEMBERS OF THE ARGON GROUP. 


From a paper by Henry P. Talbot, published in the 
Technology Quarterly, M. I. Wilbert presents in the 
American Journal of Pharmacy the following facts and 
figures concerning the argon group: 

Argon.—The circumstances that led up to the dis- 
covery of this element may be found in the fact that 
Lord Rayleigh, in the course of some experiments, had 
noted that atmospheric nitrogen appeared to have a 
greater density than nitrogen obtained from chemicals, 
such as nitric acid, nitrous oxide or ammonium nitrite. 
Suggestions and explanations were numerous but un- 
satisfactory, and it was finally decided to determine 
whether or not there was an unknown heavier element 
in the atmospheric nitrogen. 

In making these investigations Lord Rayleigh had 
associated with him Prof. Ramsay, of University Col- 
lege, London. After a long series of carefully planned 
and executed experiments, Lord Rayleigh and Prof. 
Ramsay, on January 31, 1895, made the announcement, 
at a meeting of the Royal Society in London, that they 
had discovered a new element in the atmosphere, to 
which, on account of its inert character, they had 
given the name argon. The quantity of this element, 
present in the atmosphere, appeared to be about 1 per 
cent of the contained nitrogen, or about 0.9 per cent 
of the atmosphere. Assuming that the density of 
argon was about 20, it would explain the greater den- 
sity of atmospheric compared with chemical nitrogen. 
Argon has since then been found in one specimen of 
meteoric iron, in a variety of minerals and in the 
waters, or escaping gases, from a number of springs in 
different parts of Europe. 

So far it has not been definitely demonstrated to 
have any chemical properties. Its physical properties, 
that is, its spectrum, its specific gravity, and the atomi- 
city of its molecule have been the subject of much 
research and discussion. Its spectrum for instance 
appears to vary with the nature of the electrical energy 
that is used to energize the gas, and is admittedly com- 
plex and varied. This complex nature of the spectrum, 
as well as the accompanying variations, has been made 
a basis for arguments against the elementary character 
of argon. 

The density of argon has been carefully determined 
by Ramsay, who, as the result of numerous experi- 
ments, announced 19.96 as the true value for the den- 
sity of the gas; this would correspond to a molecular 
v.eight of 39.92 (0— 16). 

Helium.——-This e'ement was first noticed in the spec- 
trum of the chroimosphere during an eclipse in 1868, 
by Janssen, who noted a brilliant yellow line, which 
was close to but not identical with the well-known 
D-line of sodium. This he designated as the D.-line, 
and in the same year Lockyer assigned the name 
“helium” to the hypothetical element, of which this 
line was characteristic. 

While this line has been repeatedly observed since 
then, by projecting the image of the edge of the sun 
on the slit of a spectroscope of wide dispersion, and 
has also been found in the spectrum of some of the 
fixed stars and nebulas, it had never been demonstrated 
to exist among terrestrial elements. 

After the discovery of argon, Mr. Myers, the min- 
eralogist of the British Museum, wrote to Prof. Ram- 


say, calling attention to the fact that cleveite (a 
uranate of lead, thorium and uranium) had been 
shown by Hildebrand to contain nitrogen. Myers 


offered the suggestion that this mineral might contain 
argon or might have some constituent capable of enter- 
ing into reaction with argon. 

This suggestion was later adopted by Prof. Ram- 
say, who demonstrated that the resulting gas, after 
removing the nitrogen, not only contained argon, when 
subjected to spectrum analysis, but showed a new 
series of lines in the red, green, blue, and violet and 
notably a brilliant yellow line. Ramsay later sent 
the gas to Crookes for examination and he in turn re- 
ported that the bright yellow lines were undoubtedly 
due to helium. Experiments made gave 3.89 as the 
maximum density of the gas, and the ratio of the 
specific heats was found to approximate 1.66. 

The gas is then, as was to be expected from its ex- 
istence in the chromosphere, very light, and it appears 
to be monatomic. 

Helium has been found in a number of minerals 
almost all of which contain either uranium, yttrium ot 
thorium. It has been found in the gas emanating from 
several of the European thermal springs and has been 
definitely proven to exist in liquid air. From observa- 
tions that have been made it has been determined that 
this element is one of the constituents of our atmos- 
phere in the ratio of 1 or 2 parts in a million. The 
latest determinations of its density appear to make it 
about 1.98 and its atomic weight about 3.96. 

Other Members of the Group.—Prof. Ramsav. in a 
lecture before the Deutsche Chemische Gesellschaft 
in December, 1898, gave an account of the steps which 
led to the discovery of the other members of the group. 

The search for these elements was occasioned by an 
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attempt to fit argon and helium inte the periodic sys- 
tem. If 4 and 40 were assumed to represent the atomic 
weights of helium and argon respectively, there would 
be a space to be filled by an element having an atomic 
weight about 16 higher than helium. 

The quest, begun by Ramsay and Collie and con- 
tinued by Ramsay and Travers, opened with a careful 
re-examination of the minerals which had proved to 
be a source of helium. The search was later extended 
to other minerals of different chemical character, but 
with uniformly negative results. Meteorites and the 
gases from mineral springs were equally unproductive. 

Attention was then turned to argon, and its study 
in connection with liquid air. It was pointed out that 
the atomic weight of argon would be more tractable if 
it could be reduced to below 40, and a search after a 
ecnstituent of the air having a lesser density than 20 
seemed worth the making. 

In preparing to liquefy a quantity of purified argon, 
with the aid of liquid air, it was thought worth the 
while to examine the last fractions of some evaporat- 
ing liquid air. After removing the oxygen and the 
residual nitrogen, Ramsay found that there were pres- 
ent, in the spectrum of the residual gas, a number of 
the new lines, notably a yellow line not identical with 
that of helium, and a new green line. The gas had a 
density of 22.5 instead of 20 and the ratio of specific 
heats of the mixture of gases was found to closely 
approximate 1.66. Here, then, was a new element or 
elements, but not the one sought for. Ramsay, assum- 
ing the presence of one only, gave it the name “kryp- 
ton” (the concealed one). 

The gas has been studied more closely since that 
time. It is estimated to be present in the atmosphere 
in the ratio of about one part of gas to a million of air. 
The density of the gas is estimated to be about 40.78 
and its atomic weight 81.56. 

In the subsequent experiments that were made with 
liquid argon it was found that the first fraction, from 
the boiling argon, had a density of 14.67 and a ratio 
of specific heats of 1.66; the spectrum showed, besides 
the lines of argon, a number of new lines of red, 
orange and yellow of marked brilliancy. After some 
further separation of the contained argon the density 
was found to be 9.76. This new gas, which was desig- 
nated as “neon,” while it still contained a fraction of 
argon, also contained helium, which would tend to de- 
crease the density of the mixture somewhat. 

Later experiments appear to indicate that this gas 
has a density of about 9.96 and an atomic weight of 
about 19.92. It is present in the atmosphere to the 
extent of from 10 to 20 parts in a million. The less 
volatile portions of the liquefied argon they considered 
to contain at least two additional elements besides 
krypton and argon. To one of these they gave the 
name “xenon” (stranger), and while they did not 
have an opportunity to study it in a perfectly pure 
condition, they determined its density as being from 
40.5 to 41.1. Later investigations appear to indicate 
that xenon has a density of about 64 and an atomic 
weight of 128. It must be considered as an extremely 
rare element occurring in the atmosphere in the pro- 
portion of 1-20 of 1 part to a million of air. 

The fourth component of the less volatile portion 
was given the name “metargon.” It was a source of 
much perplexity, as its spectrum was found to resemble 
the so-called “swan spectrum” of carbon monoxide. 
Subsequent study showed that the supposed new ele- 
ment was indeed carbon monoxide which had been in- 
troduced by accidental impurities in the chemicals. 

All of these elements are gases and all are chem- 
ically inert; it would appear self-evident, therefore, 
that they would form a distinct class of their own; 
but how to fit them into the existing periodic system 
developed a problem that has been attacked by several 
eminent European scientists, and has also been the 
cause of considerable discussion pro and con as to the 
elementary character of the substances, and the cor- 
rectness of the available data concerning them. 

Several schemes have been proposed to fit them into 
the periodic system in a rational and satisfactory way. 
The one proposed by Ramsay is given below: 


H He Li Be 
1 4 7 9 

F Ne Na Mg 
19 20 23 24 
Cl A K Ca 
35.5 40 39 40 
Br Kr Rb Sr 
80 82 85 87 
I xX Cs Ba 
127 128 138 137 


It will be noted that hydrogen, according to this 
arrangement, becomes the first element in the halogen 
group—a position for it which had been suggested by 
several eminent scicntists. 

The inert group, according to this classification, 
would hold the position between the very active halo- 
gen and the sodium groups.—Druggists’ Circular and 
Chemical Gazette. 


ANALYSIS OF VULCANIZED CAOUTCHOUC.* 


Tue method which I proposed some time ago for 
separating caoutchouc from the mineral matters con- 
tained in it afforded practically very satisfactory re- 
sults. This method consists in boiling the caoutchouc 
(which is cut in small pieces), with nitrobenzine in 
a balloon furnished with upright condenser. The only 
inconvenience is the difficulty of eliminating the min- 
eral matter from the products of the decomposition of 
the caoutchouc. It is generally possible to guard 
against this inconvenience by adding to the solution 
a large quantity of ether. If we have to do with 
African caoutchoucs, the amount of ether must be 
considerable. Further, the treatment with nitroben- 
zine causes a phenomenon which I have recently ob- 
served for the first time. 

On analyzing a slab in course of viscous decomposi- 
tion (a) and another slab, prepared in the same way, 
but of faultless quality (b), I obtained the following 
percentages: 


* Translated for the Screntreic Americ Supp from 
German of M, Carl Otto Weber, In Zeitschrift tr augewandic Choate.” 
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(a) 
Olly extract... 8.35 p. c. 
9.85 p. c. 
Sulphur, total... ....... 1.89 p. c. 

(bv) 
Olly extract. ............ 2.82 p. c. 

...... 0000. 12.73 p. 

Sulphur, total......... 2.10 p. 


The presence of such considerable quantities of car- 
bon and of carbonaceous substance on one hand, and 
the exceedingly smail percentage of caoutchouc in the 
product on the other, raised some doubt as to the cor- 
rectness of this analysis and a more thorough exami 
nation of the latter has only increased the doubt. 

Under ordinary conditions, figures representing the 
“oily extract” would be attributed to the caoutchouc; 
for to the manufacturer the extract is an integral 
part of caoutchouc. But, in the decomposing samples 
the quantity of oily extract was almost triple that in 
the normal caoutchouc. The amount always varies 
considerably, according to the nature of the caout- 
chouc, yet so pronounced a difference as that observed 
between products a and b raises serious doubts. Be- 
sides, in the decomposed samples, the increase in the 
proportion of oily extract has as a result the diminu- 
tion of the quantity of caoutchouc found, which seems 
to indicate that the oily extract is in greater part only 
a product of the decomposition of caoutchouc. Anal- 
ysis shows that the proportions of carbon correspond 
with the proportions, of caoutchouc. All these facts 
demonstrate that the carbon found in the analysis did 
not pre-exist in the product, but resulted from the 
action of the boiling nitrobenzine on the caoutchouc. 
It is also possible that its formation is due to the high 
boiling point of nitrobenzine. 

The attempt has been made to dissolve the samples 
in question in nitrobenzine at a temperature from 170 
deg. to 190 deg. C., but without result. Either the dis- 
solution of caoutchouc was incomplete or carbon made 
its appearance in the same proportion as in the an- 
alysis mentioned above. Starting with the idea that 
the preliminary swelling of caoutchouc in chloroform 
might perhaps facilitate its disintegration by boiling 
nitrobenzine, I have introduced 3 grammes of each 
sample into the large-n.-ked flasks which served for 
the treatment with nitrobenzine, added 3 cubic centi- 
meters of chloroform for each test, stoppered the 
flasks and left them at rest for an hour. At the end 
of that time the caoutchouc was distended enormously. 
Without driving off the chloroform, I added to each 
flask 50 cubic centimeters of nitrobenzine, attached 
the bottles to upright condensers and heated the nitro- 
benzine to boiling point on a bath of paraffine. After 
an hour the operation was suspended and on cooling, 
100 cubic centimeters of ether were added to the con- 
tents of the flasks, which were filtered. The results 
obtained were: inorganic matters, (a) 63.33 per cent; 
(b) 63.02 per cent. The was no trace of carbon. 
According to this experiment, the preliminary swelling 
of caoutchouc by chloroform prevents carbonization 
completely. The favorable action of chloroform in 
this respect is beyord question; but it must be taken 
into account that the addition of chloroform to nitro- 
benzine lowers the boiling point of the latter consider- 
ably. Direct experiment has demonstrated that a 
mixture in the above mentioned proportions of chloro- 
form and benzine boils at a temperature of 170 deg. to 
180 deg. C. To the action of chloroform at this tem- 
perature on the caoutchouc, I attribute the energetic 
disintegration of the latter. 

The experiment, of which I have given a description, 
appears to show that the carbonization of the caoutchouc 
by boiling nitrobenzine was principally due to the in- 
fluence of the high temperature, assisted perhaps by 
the oxidizing action of the nitrobenzine. But the exact 
determination of inorganic matters obtained in the 
two series of analyses have demonstrated clearly where 
to look for the real cause of the carbonization of 


caoutchoue. 
Treatment with nitrobenzine alone: 

Carbonaceous matters ......... ...17.22p.c. 29Bp.c 
rc 20.78 p. c. 21.04 p. c. 
| Lead carbonate } 

Mineral matters Lead oxide 40 27 p. c. 41.83 p. c. 

Lead sulvhide } 
[Lead sulphate -210pc. 100p.c 
Mineral matters ... .... p.c. 6.87 p.c. 
Treatment with mixture of chloroform and benzine: 
Carbonaceous matters .............. traces, 
Lead oxide 32.22 p. c. 31.56 p. 
eulp! e 
Lead sulphate 1.95 p.¢ 0.88 p. c. 
Mineral matters,........ 6.60p.c. 


It will be seen that the mineral matter, which is 
isolated by treating the caoutchouc with the mixture 
of chloroform and nitrobenzine, contains a considerable 
quantity of lead peroxide, while at the same time al- 
most free from carbon. On the contrary, the treatment 
of caoutchouc by nitrobenzine alone has furnished 
a high proportion of carbon and no peroxide of lead. 
It cannot be doubted, therefore, that at the boiling 
point of the nitrobenzine (208 deg.) the lead peroxide 
contained in the caoutchouc attacks it with formation 
of carbon; a reaction which, at the boiling point of the 
mixture of chloroform and nitrobenzine, does not tak« 
place. It is improbable that the lead peroxide found 
exists as such in the inorganic residue. 

It is evident that it is generated by the minium 
(red lead) at the time of treating the residue with 
dilute nitric acid. Minium is often employed in the 
manufacture of vulcanized articles, especially when 
soft caoutchoucs are used. In this case minium ex- 
erts a hardening action, slightly oxidizing. Calculat 
ing in minium, the lead peroxide found in the sec 
ond analysis, the composition of the inorganic residue 
must be expressed in the following numbers: 


Calcium carbonste ... 
Lead carbonate 
Lead oxide 


The ere 
are 
ma 


duction 
tained 
tities j 
clusion 
influence 
into sn 
elevater 
treatme 
a relati 
nish pr 
single | 
be able 
articles, 
toward | 
intend 


THE 


APPEARA) 
F 


ALTHO 
Lesser A 
origin, a 


+ t 
d 
L 
te 
ir 
hi 
: sl 
pl 
is 
di 
de 
we 
cil 
fir 
in 
ch 
th 
~ 
(b) 
nts 
S202 p.C. 22.19 p.c. 1718 and 
Minium. 19.42 p. c. 
Lead sulphate LOBP. C, 088 p. c. 
€3.60p.c 


ne: 


Jury 11, 1903. 


These numbers show that the caoutchouc which was 
employed contained about equal quantities of carbonate 
of lime, carbonate of lead, and minium. 

From a purely chemical view-point it would be ex- 
tremely interesting to know what transformation 
eaoutchoue undergoes by being treated -with nitro- 
benzine alone, or in presence of chloroform. I have 
not yet had an occasion to study this question. As | 
have stated before caoutchouc exists no longer as such 
in the nitrobenzine solution. The result of this treat- 
ment must be a degradation of the molecule of 
caoutchouc. 

It is known that caoutchouc, subjected to dry dis- 
tillation, is almost entirely converted into hemiterpene, 
dipentene and polyterpene. We may infer that vulcan- 
ized caoutchouc undergoes a decomposition analogous 
to the effect of treatment with boiling nitrobenzine. 
Lhe objection might here be raised that the non-vul- 
cenized caoutchouc becomes almost viscous at the boil- 
ing point of nitrobenzine, while vulcanized caoutchouc 
hardly changes at this temperature. However, near 
200 deg. C., caoutchoue begins to decompose, though 
slowly. It is probable, considering the nature of the 
products of the decomposition of caoutchouc, that 
isoprene, which constitutes about 15 per cent of the 
distilled portion, is not an immediate product of the 
decomposition, and that bodies with elevated molecular 
weight are first formed, which afterward give birth to 
citrene and isoprene. This view appears to be con- 
firmed by the fact, which I have frequently observed 
in the dry distillation of different varieties of caout- 

chouc, that the slower the distillation, and consequently 
the lower the temperature, the smaller is the pro- 
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seems to have been paid to the volcanology of the 
region prior to the great eruptions of Mont Pelé and 
the Soufriére which took place in May, 1902. World- 
wide interest in those eruptions was aroused by the 
‘great number of human beings swept out of existence 
in a moment of time, and particularly by the tragic 
destruction of the city of St. Pierre, Martinique, “the 
pearl of the Lesser Antilles.” Contemporaneous with 
and subsequent to these Antillean eruptions, there oc- 
curred fresh and violent outbursts or increased activity 
in the volcanic centers of Guatemala, Mexico, Alaska, 
the Mediterranean, and other parts of the world, which 
made the year 1902 a memorable one in the annals of 
voleanology. In Martinique the eruptions of May 3, 
5 and 8 were followed by noteworthy outbreaks on 
May 19, 20 and 26, June 6, July 9 and August 30, to say 
nothing of scores of smaller eruptions which under 
other circumstances would have been considered well 
deserving of mention. In St. Vincent the eruptions of 
May 6 and 7 were followed by great outLursts on 
May 18, September 3 and 4, and October 16, 1902, and 
March 22, 1903; but during the intervals, unlike Mont 
Pelé, La Soufriére was very quiet or entirely dormant. 

In May, 1902, I was sent to Martinique and St. Vin- 
cent by the American Museum of Natural History to 
study and report upon the phenomena attending the 
eruptions. Seven weeks were spent upon the two is- 
lands during that expedition, and a preliminary report 
based upon the observations made then was issued 
by the Museum in October, 1902. In the winter and 
spring of 1903 I made a second expedition to the region 
at the request of the same institution, spending six 
weeks upon Martinique and St. Vincent and a nearly 
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the incomplete glimpses obtained seemed to indicate 
the existence at that time of a true crater in the top of 
the newcone. The growth of the spine and ribs of the 
cone has destroyed this crater, if it ever had any long- 
continued existence. Now, as then, steam issues with 
vigor from all parts of the cone, while minor explo- 
sions occur from the southwestern side at an elevation 
of apparently about four thousand feet above the sea, 
and from the northwestern side at a somewhat greater 
elevation. 

Another striking change in Mont Pelé, to one who 
was familiar with the appearance of the mountain just 
after the eruptions began, is the filling of the gorge of 
the Riviére Blanche with calcined rocks and dust and 
ashes which have been poured out of the crater by 
the numerous eruptions. This was the gorge extending 
seaward from the great gash in the southwest side 
of the old crater, which determined the direction of 
the explosive volcanic blasts which swept over St. 
Pierre on May 8 and succeeding days. Now the lower 
portion of the gorge has been entirely obliterated, and 
the adjoining plateau elevated, while the upper and 
deeper portion near the crater has been almost filled 
by the ejecta. The line of this gorge is still the 
favorite direction of discharge of the volcand,. and 
the great bowlders scattered thickly over the surface 
attest the violence of the explosion. Study of the ma- 
terial filling the gorge of the Blanche confirms the 
idea, formed last summer, that the volcanic dust, sand, 
and gravel which form by far the largest proportion of 
the beds in the gorge, issued from the cone or center 
of eruption in a dry or comparatively dry condition. 
The live steam permeating the mass caused the whole 
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duction of citrene and isoprene. Best results are ob- 
tained by introducing the caoutchouc in small quan- 
tities into the retort at red heat. I draw the con- 
clusion from these facts that caoutchouc, under the 
influence of a high temperature, does not decompose 
into small molecules, but gives rise to products of 
elevated molecular weight. On the other hand, in the 
treatment of caoutchouc with nitrobenzine, that is, at 
a relatively low temperature, caoutchouc should fur- 
nish products of high molecular weight, perhaps a 
single product. If this were so, we would not only 
be able to determine the caoutchouc in manufactured 
articles, but we would also take an important step 
‘oward léarning the size of the molecule of caoutchouc. 
| intend to continue my investigation in this direction. 


THE VOLCANOES OF THE CARIBBEAN ISLANDS.* 


APPEARANCE OF MONT PELE, MARTINIQUE, AND LA SOU- 
FRIERE, ST. VINCI EY 
GREAT 
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MAP OF THE ISLAND OF ST. VINCENT. 


The cross-lined area shows approximately the area devastated by (he eruption, 


equal amount of time on the other principal volcanic 
islands of the group—St. Lucia, Dominica, Guadeloupe, 
Montserrat, Nevis, St. Christopher (St. Kitts), St. 
Eustatius (Statia), and Saba. 

In Martinique the most striking change is the com- 
plete alteration of the skyline of Mont Pelé. Prior to 
the beginning of the present series of eruptions in 
April, 1902, the mountain was characterized by a great 
crater about half a mile across and sixteen hundred 
feet deep below the average level of the crater-rim. 
On. the southwest side the rim was breached to the 
base by a great gash which was continued into the 
gorge of the Riviére Blanche. Montserrat and Nevis 
to-day stand as close analogues, on a smaller scale, of 
Mont Pelé before the eruptions. Within the great 
crater of Mont Pelé lay the small crater-lake known as 
L’Etang Sec, and from several openings around this 
lake began the eruption which has proven of such 
moment in the human history of the island. A cone 
ol ries of cones began forming at once; and my 
photographs and sketches, and those of other observers, 
made on May 21, 1902, show the existence of a com- 
paratively small cone in the crater at the head of the 

ee of the Blanche. Since that time the cone has 
rown until in March, 1903, the extreme top of the 
spine surmounting the main mass thereof was nearly 

50 feet above tide, according to the determinations 

the French geological commission. 

June 20, 1902, the inner cone had an irregular 
serreted rim surrounding a bowl-shaped depression, and 


to act like a fluid, and rush down the gorge in a tor 
rent which carried with it many large blocks of new 


and old lava. The solid particles were incandescent, 
and the steam rose in vast clouds as it was liberated 
from the flowing mass, so that the statement made by 


some observers, that streams of lava flowed from the 
crater, is not surprising. The liberated steam carried 
away into the atmosphere enormous quantities of the 
finest ash. 

These dust-flows down the Riviére Blanche must not 
be confounded with the mud-flows down the same cafion 
The mud-flow which overwhelmed the Usine Guérin 
seems to have been caused by the waters of ‘the Etang 
Sec breaking through a temporary dam formed by 
new ash from the western vents within the crater, 
but succeeding mud-flows have been caused by the rain- 
soaked dust and ash on the inner slopes of the great 
crater and on the remainder of the drainage-basin of 
the Blanche descending in terrible avalanches. The 
mud-flows and mud-torrents which rushed down the 
gorges of the Séche, Précheur, Grande, Macouba, Basse 
Pointe and Falaise rivers originated in large part from 
rain soaking the dust and ash on the upper slopes of 
the mountain beyond the point of equilibrium. The 
mud-flows when dry are hard and compact, and some 
of them are black or nearly so; the dust-flows are 
very light gray in color, have a calcined appearance, 
and are so soft and loose that one sinks in them to 
the knees. Water. however, will cement together the 
surface of a dust-flow, forming a crust over it. Mud. 
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a “V-shaped area on the west side of the mountain, 
with the apex at the crater and the broad portion ex- 
tending from a point half a mile south of St. Pierre ’ 


eruptions. This phenomenon is probably due to the 
great excess of water-vapor (steam) connected with 
the eruptions, as compared with the amount of liquid 


flows, especially where their motion is comparatively 
slow, show a surface wrinkled transversely to the di- 


rection of flow, while dust-flows do not present such a 
phenomenon. 

Enormous masses of rock lie scattered about along 
the middle altitudes of the Séche-Blanche plateau, 


or pasty lava rising in the conduit or series of con- 
duits. This has caused the outbursts to be violentty 


to a point about half a mile north of Précheur; while 
it spreads in a somewhat circular fashion two or three 


ERUPTION OF MT. PELE JULY 6, 1902. 


where they were hurled by the eruptions. Some of these 
were broken into many fragments through striking on 
other rocks, while others landed in ash and were not 
even cracked. One mass forty feet across, but broken 
by striking against another rock, was observed a mile 
ard a half from the crater. Countless great blocks of 
lava have been brought down the gorge of the Blanche 
by the terrible dust-flows, and many of them are to be 
geen scattered over the surface of the ash filling the 


RUINS OF ST. PIERRE AFTER MONTHS OF ERUPTIONS BY 
MT. PELE. 


View from Statue Notre Dame de la Garde, looking vorth. 


explosive and has not permitted the quiet exudation 
of liquid rock in sufficient quantities to form streams. 

Observers have differed somewhat in their estimate of 
the area devastated by the eruptions last year, accord- 
ing to the degree of destruction included by each in his 
meaning of the term “devastation.” If we include 


STREET IN MORNE ROUGE, MT. PELE, PRIOR TO THE ERUPTION. 
From a photograph by Phos. 


miles down the eastern and southeastern slopes of 
Mt. Pelé, just touching Ajoupa, Bouillon and including 
most of Morne Rouge. As to St. Pierre itself, the gen 
eral appearance of the city from a distance has not 
altered greatly since July, 1902; but at a near view one 
sees that much of the dust and fine ash has been 
washed away; that grass is growing in the streets and 
amid the ruins in soil that has been washed down from 
the surrounding bluffs, and that many walls which were 


SAME STREET, MORNE ROUGE, AFTER THE 
ERUPTION OF AUGUST 30, 1902. 


weak then have fallen to the ground. The iron bridge 
over the Roxelane has been destroyed. A great quan- 
tity of volcanic sand has been washed up on the beach 
by the ocean. The evidences of the wrecked ships in 


TRA 


gorge. On the summit and eastern side of the moun-_ all the area over which all vegetation was actually de- 
(tain, especially, “bread-crust bombs” are more num- _ stroyed for the time being, not less than forty square the roadstead have disappeared. Some excavation amid 1 
erous than they were in June, 1902. These bombs miles was thus affected by the outbursts from May to’ the ruined houses and shops, in search of articles of ‘ 
(of which there is a large series on exhibition in the August, 1902. Over a considerable portion of this dis- value, has been carried on under sanction of the gov- 
American Museum of Natural History) are masses or trict the roots were not killed; and, the ash having ernment. Everything looks very ancient, and St. of th 
been washed off, vegetation is now asserting itself on Pierre seems like a dead city of the past. with 


EJECTED BLOUK ON SECHE- 


BROKEN 
BLANCHE PLATEAU, SOUTHWEST SIDE OF 
MT. PELE, ONE AND ONE-HALF MILES 
FROM CRATER. 
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TERMINUS OF A MUD RUN AS IT ENTERS THE OCEAN AT BASSE 
POINTE, MARTINIQUE. 


The débris covers the site of the principal portion of the village, and is ten to fifteen feet deep, 
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erupt 
burst 


SOUTE 
fragments of lava which have reached the air in a the bluffs immediately behind St. Pierre, along the The great sugarcane fields in the northern and north- > 
viscous or partly fluid condition. Sudden cooling in the south side of the Roxelane River to the outskirts of eastern part of Martinique were little or not at all in- al 
atmosphere has caused the exterior to solidify into a Morne Rouge, and throughout Ajoupa Bouillon. The jured by the eruptions, and this season the sugar-mills Fi 
crust of volcanic glass, which has shrunk and has land included within the “zone of annihilation,” how- were running ag busily as if no disaster had visited 
cracked in all directions. In spite of the fresh lava ever, shows no sign of returning life, except along some , the island. The valleys, however—those of the Capot 
forming the spine, the dikes in the new cone, and _ of the bluffs facing away from the crater and in some (from the Falaise), Basse Pointe, Macowba and Grande obsery 
the numberless bombs, no stream of molten lava has other spots which were protected from the powerful rivers—still be?r ample evidences of the terrible floods 
issued from Mont Pelé during the present series of volcanic blasts. This zone of total destruction forms which traver*d them at various times during the con- Th 
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tinuance of the great activity of the volcano. Large 
parts of the villages of Basse Pointe and Grande Riv- 
jére have been washed out to sea or buried under from 
ten to fifteen feet of sand, gravel and bowlders. The 
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scourge of voléanic eruption more slowly than Martin- 
ique, because the coating of ash was greater and of 
heavier material. The area of complete devastation, 
as mapped last summer, extended on the west side of 


230138 


cast three inches of fresh ash into the town of George- 
town, has proven a most serious blow to the work doing 
there and elsewhere in the affected district. In gen- 
eral, upon the western side the coating of ash is heavy 


AN ERUPTION OF LA SOUFRIERE VOLCANO, 8ST. VINCENT, 


GENERAL VIEW OF LA SOUFRIERE, 8ST. VINCENT. 


alluvial fan of each of these rivers was extended from 
two hundred to three hundred yards into the sea by 
the material brought by these floods; but since last 
September the surf has cut deeply into the new de- 
posits, and the currents have spread the sand and 
grave! for miles along the coast. 

One cannot safely make predictions regarding the 
future of a volcano. In March and April, 1903, Mt. Pelé 
was far less active than it was at the time of my depart- 
ure from Martinique last July. The eruptions of Janu- 
ary 25 and March 26, 1903, while they were sufficiently 
energetic to send the familiar cauliflower column of 
dust-laden steam to an altitude of three thousand, four 
hundred meters (11,150 feet) above the summit of the 
mountain, and to send the clouds of steam, dust, sand, 
and stones rolling with terrific velocity down the gorge 
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LA SOUFRIERE, ST. VINUENT. 


TRAIL TO SUMMIT AT 1,500 FEET ELEVATION, SHOWING 
MUD-COVERED RIDGE WITH ALMOST UNAFFECTED 
COATING ON THE CREST. 


of the Blanche to the sea, would have been passed over 
without special comment during the active days of 
the months from May 8 to August 30, 1902. The proba- 
bility is that there were several, if not many, such 
eruptions during that period. I myself saw such out- 
bursts on May 21, June 15, 24 and 26, 1902; and other 


LA SOUFRIERE. 


SOUTHWRSTERN SIDE. A PECULIAR SECONDARY OUT- 
BURST OF STKAM IN THE WALLIBOU VALLEY. 
THIS SUPERFICIAL ERUPTION THREW A TEMPOR- 
ARY DAM ACROSS THE RIVER AND CAUSKD A MUD- 
FLOW. 


observers in conversation have mentioned other (dates 
ST. VINCENT. 
The island of St. Vincent is recovering from her 


the island from Richmond River on the south to 
Windsor Forest on the north, while on the east the area 
extended from Georgetown on the South to Chibarabou 
Point on the north, an area of not less than forty-five 
square miles. The eruptions of September and October 


LA SOUFRIERE. 


SOUTHEASTERN PORTION OF INTERIOR OF CRATER. 
COLUMN OF STEAM RISKS FROM LAKE IN BOTTOM. 
VIEW ILLUSTRATES ALTERNATION OF THE BEDS 
OF LAVA WITH THOSE OF TUFF IN THE MAKE-UP 
OF THE ISLAND. 


extended this area somewhat to the southward; but 
the damage wrought on the extension was temporary, 
and was not in evidence bg March, the zone of exten- 


WALLIBOU VALLEY. 


VIEW FROM THE SAME SPOT IN SPRING OF 1903. 
SHOWING THE GORGE CUT OUT BY THE WATER. 


sion being covered with vegetation and producing its 
crops. On the west the area devastated in May still 
is barren of vegetation; but on the east the sides of 
yvreat ravines show much verdure. The plateaus, 
he show no sign of life \n attempt was made 
this spring to resuscitate the Mount Bentinck estate 
near Georgetown; but the eruption of March 22, which 


MARCH 3, 1903. 


and compact, so that it is only where rills have cut 
through this bed and into the old soil beneath, that 
any vegetation has appeared. The most striking change 
in the appearance of the mountain since June, 1902, lies 
in the excavation by the Wallibou, Rabaka, and other 
rivers, of the tremendous deposits of ash formed in 
their valleys last May and added to subsequently. The 
gorge of the Wallibou, for instance, was filled in May 
with ashes to a depth of not less than sixty feet on an 
average; but since then it has been entirely cleared of 
ash for more than three miles from its mouth, and the 
bed of the stream now is nearly down to its old level, 
indicating the removal of not less than a hundred and 
fifty million cubic feet of ash. Here and there a heavy 
body of ash has been protected from the action of the 


LA SOUFRIERE, 


SOUTHWESTERN SIDE. VALLEY OF THE WALLIBOU 
RIVER, SHOWING ASH-BEDSs 50 TO 75 FEET THICK, 
AND A SECONDARY OR SUPERFICIAL OUTBURST 
OF STEAM. 


descending torrents; and in many of these much pent- 
up heat remains in the mass, which gives rise to sec- 
ondary eruptions and even to dry dust-flows. Such a 
dust-flow took place during my visit in March, 1903, 
and spread a fan-shaped coat of loose dust, sand, and 
gravel, from one foot to six or eight feet in depth, 


VIEW SHOWING THE GREAT DEPTH OF THE 
ASH FILLING THE RIVER GORGE. 


THE WAVY LINE NEAR THE TOP OF THE BLUFF SHOWS 
THK UPPER SURFACE OF THE BEDS DEPOSITED BY 
THE ERUPTIONS OF MAY. 1902; THE PORTION OF 
THE ASH ABOVE THAT LINK WAS DEPOSITED BY 
THE ERUPTION OF SEPTEMBER 3-4, 1902. 


over about an acre of the nearly flat river-bottom. 
Early in February of the present year the activity of 
the crater began to increase noticeably, and during the 
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early part of March, the time of my second visit, it 
was more active than it was on May 31, and June 4 and 
9, of last year, when I visited the rim with fellow 
geologists. On March 3 of this year, I stood again upon 
the edge of the crater, and obtained a perfect view of 
what is one of the grandest caldrons in existence. This 
time my companions were Prof. Lacroix, the French 
geologist, and Mme. Lacroix, Lieutenant Deville, of the 
French gunboat “Jouffroy,” and Rev. Thomas Hucker- 
by, of Chateaubelair. The general impression among 
local observers is that there has been considerable in- 
crease in the size of the crater, especially in the diam- 
eter of the top from east to west. My photographs 
showing the condition of the crater May 31, 1902, look 
so much like what one sees to-day, that it does not 
seem safe to assert that any great change has taken 
place since that date. The incessant landslides have 
certainly cut back the northern and northeastern walls 
to some extent. The “saddle” (a knife-edge ridge) 
between the great crater and the crater of 1812 has 
disappeared, probably having been cut away during 
the great outbursts of May, 1902; and the divide be- 
tween the craters has been lowered by the action of the 
repeated landslides in the great crater. The depth 
seems to have increased considerably. On May 31, 
1902, Dr. T. A. Jaggar, Jr., and I estimated the distance 
to the surface of the lake in the bottom of the crater, 
from the point on which we were standing, at sixteen 
hundred feet; while Mr. G. C. Curtis made it eighteen 
hundred feet. On March 3, 1903, I estimated the depth 
at two thousand feet below the same point. The condi- 
tions were more favorable to accurate observation on 
the later date, and the increase of two hundred or four 
hundred feet may be more apparent than real. In- 
strumental measurement was not practicable at the 
time. 

While we were on the rim, March 3, several out- 
bursts of great beauty and interest occurred. They 
issued at irregular intervals and with varying degrees 
of intensity from near the center of the mud lake in 
the bottom of the great pit-like crater. The history 
of each was about as follows: First, the escape of 
steam increased notably, leading to an upthrow of 
black mud. This fountain of black mud rose and fell 
for a few seconds, and then from within it came a 
column of brown, dust-laden steam, rushing upward 
with great velocity in the familiar cauliflower convolu- 
tions, until it stood hundreds and perhaps thousands of 
feet above our heads. While the column was rising 
many stones could be seen in it, looking like sky rock- 
ets, with the long trails of white steam which they left 
behind them. These stones pursued slightly divergent 
paths; but, although some of them attained our alti- 
tude, all fell back harmlessly within the crater. On 
our journey around the crater, however, Mr. Huckerby 
and I noticed many stones on the rim which evidently 
had been thrown out within a few days of our visit. 
Some of the blocks, indeed, were lying on the foot- 
prints of a party which had made the tour less than a 
fortnight before. Sometimes the eruption produced 
nothing more than the fountain of black mud. In the 
intervals between outbreaks there was boiling or bub- 
bling at more than one point in the lake, but when the 
eruptions occurred all energy seemed to be confined to 
the vent near the center 

Rev. Thomas Huckerby, who has done more than 
any other resident of: St. Vincent in the study of the 
volcano, writes me under date of May 6 that he made 
an ascent of the mountain on the preceding day, and 
found that the eruption of March 22, 1903, had left 
much fresh ash within the crater, narrowing the lower 
part of the pit considerably. He found that a small 
lake still existed in the extreme bottom, and that it 
was boiling furiously. 

The depth of the 1812 crater before May 7, 1902, is 
given at five hundred feet; and the imperfect view of 
the interior of it, which Mr. G. C. Curtis and I obtained 
on June 9, 1902, seemed to justify the estimate. This 
crater has not participated in the present series of erup- 
tions, but there are fumaroles in the rock-wall which 
forms its northeastern boundary. These fumaroles 
may be the outlets for the steam and other hot vapors 
from the still heated interior of the mass of hot cinders 
which was thrown into this crater from the great crater 
during the October eruption. Now the floor of the 1812 
crater is 260 feet (aneroid measurement) below the 
highest point of its rim, so that, if the estimate of its 
former depth be correct, the deposit of new ash in the 
pit is 240 feet in thickness. This deposit consists main- 
ly of the ejecta from the great outburst of October 16, 
1902. Fumaroles exist in the southern rock-wall of 
the Larakai Valley, which leads from the western side 
of the crater; and it seems probable that these are con- 
nected with the deep-seated source of heat of the vol- 
cano. 

The western or leeward side of the mountain still 
presents differences from the eastern or windward side. 
In May and June, 1902, the material coating the lee- 
ward slopes seemed finer in grain than that on the 
windward slopes The leeward slopes, especially of 
the upper half of the mountain, were slippery with deep 
mud, while the coating on the windward side was much 
looser in texture and there was little of the cement- 
like mud below the summit plateau. The eruption of 
September, 1902, left on the leeward slopes a hard, 
gravelly surface on which there are countless cindery 
black bombs of all sizes up to eight or ten inches in 
diameter. The September eruption did not have much 
effect upon the windward side; but the material from 
the October eruption passed, for the most part, in that 
direction, without, however, changing the loose char- 
acter of the coating on the slopes. 

The questions of supreme importance to the inhabi- 
tants of Martinique and St. Vincent are: “Have the 
eruptions ceased? Is there any danger to be feared 
for the country beyond the present zones of devasta- 
tion?” Unfortunately the first question cannot be ans- 
wered, since there is no sure way of predicting a seri- 
ous outbreak long in advance. Last fall certain French 
and American scientistsf{predicted that Mont Pelé would 
suffer a heavy eruption on December 20. This prophecy 
was not fulfilled at all. nor was another, that La Soufri- 
ére would explode again in January. Mont Pelé has 
not had a great eruption since August 30, 1902; but La 
Soufriére had a very severe outburst on March 22, 
1903. There seems, however, to be no real cause for 
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alarm for the islands outside the present zones of de- 
vastation, since the destruction wrought last year ap 
pears to mark the limit of the present volcanic energy 
No predictions can be made for the other Caribbean is- 
lands, but there seems to be no ground for anxiety re- 
garding their volcanoes; except as to Guadeloupe’s Sou- 
friére, the fumarole area of which seems to be spread- 
ing somewhat and to show slowly increasing activity. 


MODERN VIEWS ON MATTER: THE REALIZATION 
OF A DREAM.* 
By Sir Crookes, F.R.S., ete. 


For nearly a century men who devote themselves to 
science have been dreaming of atoms, molecules, ultra- 
mundane particles, and speculating as to the origin of 
matter; and now to-day they have got, so far as to ad- 
mit the possibility of resolving the chemical elements 
into simpler forms of matter, or even of refining them 
altogether away into ethereal vibrations or electrical 
energy. 

This dream has been essentially a British dream, and 


we have become speculative and imaginative to an 
audacious extent, almost belying our character of a 
purely practical nation. The notion of impenetrable 


mysteries has been dismissed. A mystery is a thing 
to be solved—and “man alone can master the impos- 
sible.” There has been a vivid new start. Our physi- 
cists have remodeled their views as to the constitution 
of matter, and as to ihe complexity if not the actual 
decomposability of the chemical elements. 

The eariiest definite suggestion in the last century 
of the possible compound nature of the elements oc- 
curs in a lecture delivered in 1809 by Sir Humphry 
Davy at the Royal Institution (“Works of Sir Humph- 
ry Davy,” vol. viii., p. 325). In that memorable lec- 
tvre he speculated on the existence of some substance 
common to all the metals, and he averred that “if 
such generalizations should be supported by facts, a 
new, a simple, and a grand philosophy would be the 
result. From the combination of different quantities 
of two or three species of ponderable matter we might 
conceive all the diversity of material substances to 
owe their constitution.” 

Again, in 1811, he said (loc. cit., viii., 330): “It 
will be useless to speculate upon the consequences of 
such an advancement in chemistry as that of the de- 
composition and composition of the metals. ae 
It is the duty of a chemist to be bold in pursuit. He 
must not consider things as impracticable merely be- 
cause they have aot yet been effected. He must not 
regard them as unreasonable because they do not 
coincide with popular opinion. He must recollect how 
contrary knowledge sometimes is to what appears to 
be experience. . . To inguire whether the metals 
be capable of being decomposed and composed is a 
grand object of true philosophy.” 

Davy first used the term “Radiant Matter” about 
1809, but chiefly in connection with what is now called 
radiation. He also used the term in another sense, 
and the following passage in its clear forecast is pro- 
phetic of the modern electron (loc. cit., vol. viii., p. 
349): “If particles of gases were made to move in 
free space with an almost infinitely great velocity, i. e., 
to become radiant matter, they might produce the 
different species of rays, so distinguished by their 
peculiar effects.” 

In his lectures at the Royal Institution, in 1816, “On 
the General Properties of Matter,” another prescient 
chemist, Faraday, used similar terms when he said: 
“If we conceive a change as far beyond vaporization 
as that is above fluidity, and then take into account 
also the proportional increased extent of alteration 
as the changes rise, we shall, perhaps, if we can form 
any conception at all, not fall far short of radiant mat- 
ter; and as in the last conversion many qualities were 
lost, so here also many more would disappear.” Again, 
in one of his early lectures he strikes a forward note: 
“At present we begin to feel impatient, and to wish 
for a new state of chemical elements. To decompose 
the metals, to reform them, and to realize the once 
absurd notion of transmutation, are the problems now 
given to the chemist for solution.” 

But Faraday was always remarkable for the bold- 
ness and originality with which he regarded generally 
accepted theories. In 1844 he said: “The view that 
physical chemistry necessarily takes of atoms is now 
very large and complicated; first many elementary 
atoms—next compound and complicated atoms. Sys- 
tem within system, like the starry heavens, may be 
right—but may be all wrong.” 

A year later Faraday startled the world by a dis- 
covery to which he gave the title “On the Magnetiza- 
tion of Light and the illumination of the Magnetic 
Lines of Force.” For fifty years this title was mis- 
understood and was attributed to enthusiasm or con- 
fused ideas. But to-day we begin to see the full signi- 
ficance of the Faraday dream. 

It was not till 1896 that Zeeman showed a spectrum 
line could be acted on by a magnetic field. A spect- 
rvm line is caused by motion of the electron acting on 
the ether, which can only move and be moved by the 
electron. A magnetic field resolves this motion into 
other component motions, some slower, others quicker, 
and thus causes a single line to split into others of 
greater and less refrangibility than the parent line. 

In 1879, in a lecture I delivered before the British 
Association at Sheffield, it fell to my lot to revive 
“Radiant Matter” (“British Association Reports,” 
Sheffield Meeting, 1879; Chemica! News, vol. xl., p. 91; 
Phil. Trans. Roy. Soc., 1879, Part I., p. 585; Proc. Roy. 
Soc., 1880, No. 205, p. 469). I advanced the theory 
that in the phenomena of the vacuum tube at high 
exhaustions the particles constituting the cathode 
stream are not solid, nor liquid, nor gaseous, do not 
consist of atoms propelled through the tube and caus- 
ing luminous, mechanic, or electric phenomena where 
they strike, “but that they consist of something much 
smaller than the atom—fragments of matter, ultra- 
atomic corpuscles, minute things, very much smaller, 
very much lighter than atoms—things which appear 
to be the foundation stones of which atoms are com- 
posed” (Sir O. Lodge, Nature, vol. Ixvii., p. 451). 


* An Address delivered before the Congress of Applied Chemistry at 
Berlin, June 5, 1908, et 
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I further demonstrated that the physical properties 
of radiant matter are common to all matter at this 
low density—“Whether the gas originally under ex- 
periment be hydrogen, carbon dioxide, or atmospheric 
air, the phenomena of phosphorescence, shadows, mag- 
netic deflection, ete., are identical.” Here are my 
words written nearly a quarter of a century ago: “We 
have actually touched the border land where matter 
and force seem to merge into one another—the shadowy 
realm between the known and unknown (‘Matter is 
but a mode of* motion,” Proc. Roy. Soc., No. 205, p. 
472). I venture to think that the greatest scientific 
problems of the future will find their solution in this 
borderland, and even beyorid; here, it seems to me, lie 
ultimate realities, subtle, far-reaching, wonderful.” 

It was not till 1881 that J. J. Thomson established 
the basis of the electro-dynamic theory. In a very re- 
markable memoir in the Philosophical Magazine he 
explained the phosphorescence of glass under the in- 
fluence of the cathode stream by the nearly abrupt 
changes in the magnetic field arising from the sudden 
stoppage of the cathode particles. 

The now generally accepted view that our chemical 
elements have been formed from one primordial sub- 
stance was advocated in 1888 by me when president of 
the Chemical Society, in*connection with a theory of 
the Genesis of the Elements (Pres. Address to Chem. 
Soc., March 28, 1888). I spoke of “an infinite num- 
ber of immeasurably small ultimate—or, rather, ultl- 
matissimate—particles gradually accreting out of the 
formless mist, and moving with inconceivable velocity 
in all directions.” 

Pondering on some of the properties of the rare ele- 
ments, I strove to show that the elementary atoms 
themselves might not be the same now as when first 
generated—that the primary motions which constitute 
the existence of the atom might slowly be changing, 
and even the secondary motions which produce all 
the effects we can observe—heat, chemic, electric, and 
so forth—might in a slight degree be affected; and I 
showed the probability that the atoms of the chemical 
elements were not eternal in existence, but shared with 
the rest of creation the attributes of decay and death. 

The same idea was expanded at a lecture I delivered 
at the Royal Institution in 1887, when it was sug- 
gested that the atomic weights were not invariable 
quantities. 

I might quote Mr. Herbert Spencer, Sir Benjamin 
Brodie, Prof. Graham, Sir George Stokes, Sir William 
Thomson (now Lord Kelvin), Sir Norman Lockyer, 
Dr. Gladstone, and many other English savans to show 
that the notion—not necessarily of the decomposabil- 
ity but at any rate of the complexity of our supposed 
elements—has long been “in the air” of science, wait- 
ing to take more definite development. Our minds are 
gradually getting accustomed to the idea of the genesis 
of the elements, and many of us are straining for the 
first glimpse of the resolution of the chemical atom. 
We are eager to enter the portal of the mysterious 
region too readily ticketed “Unknown and Unknow- 
able.” 

Another phase of the dream now demands attention. 
I come to the earlier glimpses of the electric theory of 
matter. 

Passing over the vaguer speculations of Faraday and 
the more positive speculations of Sir William Thom- 
son (now Lord Kelvin), one of the earliest definite 
statements of this theory is given in an article in the 
Fortnightly Review for June, 1875, by W. K. Clifford— 
a man who in common with other pioneers shared that 
“noblest misfortune of being born before his time.” 
“There is great reason to believe,” said Clifford, “that 
every material atom carries upon it a small electric 
current, if it does not wholly consist of this current.” 

In 1886, when president of the Chemical Section of 
the British Association, in a speculation on the origin 
of matter, I drew a picture of the gradual formation 
of the chemical elements by the workings of three 
forms of energy—electricity, chemism, and tempera- 
ture— on the “formless mist” (protyle*), wherein all 
matter was in the pre-atomic state—potential rather 
than actual. In this scheme the chemical elements owe 
their stability to their being the outcome of a struggle 
for existence—a Darwinian development by chemical 
evolution—a survival of the most stable. Those of 
lowest atomic weight would first be formed, then those 
of intermediate weight, and finally the elements having 
the highest atomic weights, such as thorium and uran- 
ium. I spoke of the “dissociation point” of the ele- 
ments. “What comes after uranium?” I asked. And 
I answered back—“The result of the next step will 
be . . the formation of compounds the 
dissociation of which is not beyond the powers of our 
terrestrial sources of heat.” A dream less than twenty 
years ago, but a dream which daily draws nearer to 
entire and vivid fulfillment. I will presently show 
you that radium, the next after uranium, does actually 
and spontaneously dissociate. 

The idea of units or atoms of electricity—an idea 
hitherto floating intangibly like the helium in the sun 
—can now be brought to earth and submitted to the 
test of experiment.+ Faraday, W. Weber, Laurentz, 


* We require a word, analogous to protoplasm, to express the idea of the 
original primal matter ‘xisting hefore the evolution of the chemical ele- 
ments, The word I venture to use is composed of 76 (earlier than) and 


van (the stuff of which things are made). 


+“ The equivalent weights of bodies are simply those quantities of 
them which contain equal quentities of electricity ; . « it being 
the electricity which determines the equivalent number. because it 
determines the combining force. Or. if we adopt the atomic meee 4 
or phraseology, then the atoms of bodies which are equivalents to eac 
other in their ordmary chemical action. have equal quantities of «lec- 
tricity naturally associated with them.”--Faraday’s Experimental Re- 
searches in Electricity.” por. 889, Jan., 1834. 

“ This definite quantity of electricity we shall call the molecular charge. 
If 1t were known it would be the most natural unit of electricity.’ — Clerk 
Maxwell's * Treatise on Electricity and Magnetism,” First Edition, vol. i., 
1873, p. 311. 

“ Nature presents us with a single definite quantity of electricity. . . . 
For each chemical bond which is raptured within an electroiyte a certain 
quantity of electricity traverses the electroivte, which is the same in all 
cases.”’—G, Johnstone Stoney. **On the Physical Units of Nature,” Britieh 
Association Meeting, Section A, 1874. 

“The same definite quantity of either positive or negative electricity 
moves always with each univalert ion, or with every unit of affinity of a 
multivalent ion.”\—Helmholtz, Faraday Lecture. 1881. 

“ Every monad atom has associated with it » certain definite quantity of 
electricity ; every dyad has twice this quantity associated with it; every 
triad three times as much, and so on.”—O. Lodge, “On E . 
British Association Report, 1885. 
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Gauss, Zéllner, Hertz, Helmholtz, Johnstone Stoney, 
Sir Oliver Lodge, have ali contributed to develop the 
idea—originally due to Weber—which took concrete 
form when Stoney showed that Faraday’s law of elec- 
trolysis involved the existence of a definite charge of 
electricity associated with the ions of matter. This 
definite charge he called an electron. It was not till 
some time after the name had been given that electrons 
were found to be capable of existing separately. 

In 1891, in my inaugural address as president of the 
institution of Electrical Engineers,* I showed that 
the stream of cathode rays near the negative pole was 
always negatively electrified, the other contents of the 
tube being positively electrified, and I explained that 
“the division of the molecule into groups of electro- 
positive and electro-negative atoms is necessary for a 
consistent explanation of the genesis of the elements.” 
in a vacuum tube the negative pole is the entrance 
and the positive pole the exit for electrons. Falling 
on a phosphorescent body, yttria, for instance—a col- 
lection of Hertz molecular resonators—the electrons 
evcite vibrations of, say, 559 billion times a second, 

-odueing ether waves of the approximate length of 

5 ten-millionths of a millimeter, and occasioning in 

eye the sensation of citron-colored light. If, how- 
‘ the electrons dash against a heavy metal, they 
»roduee ether waves of a far higher frequency than 

ht, and are not continuous vibrations, but, accord- 

to Sir George Stokes, simple shocks or solitary 

impulses; more like discordant shouts as compared 
with musical notes. 

uring that address an experiment was shown which 
went far to prove the dissociation of silver into elec- 
rons and positive atoms.; A silver pole was used, 

nd near it in front was a sheet of mica with a hole 

its center. The vacuum was very high, and when 
the poles were connected with the coil, the silver being 
negative, electrons shot from it in all directions, and 

sing through the hole in the mica screen, formed a 
cht phosphorescent patch on the opposite side of 

bulb. The action of the coil was continued for 
ne hours, to volatilize a certain portion of the silver. 

was seen to be deposited on the mica screen 
lv in the immediate neighborhood of the pole; the 
nd of the bulb, which had been glowing for hours 
| the impact of electrons, being free from silver 
osit. Here, then, are two simultaneous actions. 
irons, or radiant matter shot from the negative 
caused the glass against which they struck to 
ow with phosphorescent light. Simultaneously, the 
positive ions of silver, freed from the negative 
and under the influence of the electrical 
likewise flew off and were deposited in the 
vetallie state near the pole. The ions of metal thus 
posited in all cases showed positive electrification 
‘Proc. Roy. Soc., vol. Ixix., p. 421). 

In the years 1893-4-5 a sudden impulse was given to 
clectrie vacuum work by the publication in Germany 
ot the remarkable results obtained by Lenard and 
ftvotgen, who showed that the phenomena inside the 
vacnum tube were surpassed in interest by what took 
ploce outside. It is not too much to say that from this 
‘ what had been ~ scientific conjecture became 

a sober reality. 

One important advance in theoretic knowledge has 
een obtained by Dewar, the successor of Faraday in 
the classic laboratories of the Royal Institution. Soon 
atter RoOntgen’s discovery Dewar found that the rela- 
tive opacity to the Rintgen rays was in proportion to 
the atomic weights of bodies, and he was the first to 
apply this principle to settling a debated point in con- 
nection with argon. Argon is relatively more opaque 
to the Réntgen rays than either oxygen, nitrogen, or 
sodium, and from this Dewar inferred that the atomic 
weight of argon was twice its density relative to hy- 
drogen. In the light of to-day’s researches on the con- 
stitution of atoms, it is impossible to overestimate the 
importance of this discovery. 

In 1896 Becquerel, pursuing the masterly work on 
phosphorescence inaugurated by his illustrious father, 
showed that the saits of uranium constantly emit eman- 
ations which have the power of penetrating opaque 
substances and of affecting a photographic plate in 
total darkness, and of discharging an electrometer. In 
some respects these emanations, known as Becquerel 
rays, behave like rays of light, but they also resemble 
Rontgen rays. Their real character has only recently 
been ascertained, and even now there is much that is 
obscure and provisicnal in the explanation of their 
constitution and action. 

Following closely upon Becquerel’s work came the 
brilliant researches of M. and Mdme. Curie, on the 
radio-activity of bodies accompanying uranium. 

Hitherto I have been recounting isolated instances of 
scientific speculation with apparently little relation to 
one another. The existence of matter in an ultra-gase- 
ous state; material particles smaller than atoms; the 
existence of electrical atoms or electrons; the constitu- 
tion of Réntgen rays and their passage through opaque 
bodies; the emanations from uranium; the dissociation 
of the elements—all these isolated hypotheses are now 
focused and welded into one harmonious theory by 
the discovery of radium. 

“Often do the spirits 
Of great events stride on before the events, 
And in to-day already walks to-morrow.” 

No new discovery is ever made without its influence 
ramifying in all directions and explaining much that 
before had been mystifying. Certainly no discov- 
ery of modern times has had such wide-embracing 
ronsequences, and thrown such a flood of light on 
‘road regions of hitherto inexplicable phenomena, as 
‘this discovery of M. and Mdme. Curie and M. Bémont, 
who patiently and laboriously plodded along a road 
bristling with difficulties almost insuperable, to others 
who, like myself, have toiled in similar labyrinths of 
research. The crowning point of these labors is 
radium. 

Let me briefly recount some of the properties of 
radium, and show how. it reduces speculations and 
a apparently impossible of proof, to a concrete 
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Radium is a metal of the calcium, strontium, and 
barium group. Its atomic weight according to C. 
Runge and J. Precht is probably about 258. In this 
case it occupies the third place below barium in my 
leraniscate spiral scheme of the elements, two unoccu- 
pied gaps intervening (Proc. Roy. Soc., vol. Ixiii., p. 
408). 

The spectrum of radium has several well-defined 
lines; these I have photographed and have also meas- 
ured their wave-lengths. Two especially are strong 
and characteristic. One at wave-length 3649.71 and the 
other at wave-length 3814.58. These lines enable radi- 
um to be detected spectroscopically. 

The most striking property of radium is its power to 
pour out torrents of emanations bearing a certain re- 
semblance to Riéntgen rays, but differing in important 
points. 

The emanations of radium cause soda-glass to as- 
sume a violet color, and they produce many chemical 
changes. Their physiological action is strong, a few 
milligrammes brought near the skin in a few hours 
producing a wound difficult to heal. 

The emanations from radium are of three kinds. 
One set is the same as the cathode stream, now identi- 
fied with free electrons—atoms of electricity projected 
into space apart from gross matter—identical with 
“matter in the fourth or ultra-gaseous state.” Kelvin’s 
“satellites,” Thomson’s “corpuscles” or “particles;” 
Lodge’s “disembodied ionic charges, retaining individ- 
uality and identity.” These electrons are neither 
ether waves, nor a form of energy, but substance pos- 
sessing inertia (probably electric). Liberated elec- 
trons are exceedingly penetrating. They will dis- 
charge an electroscope when the radium is ten feet or 
more away, and will affect a photographic plate, 
through five or six mm. of lead and several inches of 
wood or aluminium. They are not readily filtered out 
by cotton-wool; they do not behave as a gas, i. e., they 
have not properties dependent on inter-collisions, mean 
free path, etc.; they act more like a fog or mist, are 
mobile and carried about by a current of air to which 
they give temporary conducting powers, clinging to 
positively electrified bodies and thereby losing mobility 
and diffusing on the walls of the containing vessel if 
left quiet. 

Electrons are deviable in a magnetic field. They are 
shot from radium with a velocity of about one-tenth 
that of light, but are gradually obstructed by collisions 
witk air atoms, so that some become much slowed, and 
then are what I formerly called loose and erratic par- 
ticles, which diffuse about in the air, and give it tem- 
porary conducting powers. These can turn corners, 
can be concentrated by mica cones into a bundle and 
then produce phosphorescence. 

Another set of emanations from radium are not 
affected by an ordinarily powerful magnetic field, 
and are incapable even of passing through thin ma- 
terial obstructions. These emanations have about one 
thousand times the energy of those radiated by the de- 
flectable particles. They render air a conductor and 
act strongly on a photographic plate. Their mass is 
enormous in comparison with that of the electrons, 
and their velocity is probably as great when they 
leave the radium, but, in consequence of their greater 
mass, they are less deflected by the magnet, are easily 
obstructed by obstacles, and are sooner brought to rest 
by collisions with air atoms. The Hon. R. B. Strutt 
(Phil. Trans. R. S., A, 1901, vol. exevi., p. 525) was 
the first to affirm that these non-deflectable rays are 
the positive ions moving in a stream from the radio- 
active body. 

Rutherford has shown that these emanations are 
slightly affected in a very powerful magnetic field, but 
in an opposite direction to the negative electrons. 
They are therefore proved to be positively charged 
bodies moving with great velocity. For the first time 
Rutherford has measured their speed and mass, and 
he shows they are ions of matter moving with a speed 
of the order of that light. 

There is also a third kind of emanation produced by 
radium. Besides the highly penetrating rays deflected 
by a magnet, there are very penetrating rays not at all 
affected by magnetism. These accompany the previ- 
ous emanations, and are Rintgen rays—ether vibra- 
tions—produced as secondary phenomena by the sudden 
arrest of velocity of the electrons by solid matter, pro- 
ducing a series of Stokesian “pulses” or explosive 
ether waves shot into space. 

Many lines of argument,and research tending to- 
ward the same point give trustworthy data by which 
to calculate the masses and velocities of these different 
particles. I must deai with big figures, but big and 
little are relative, and are only of importance in rela- 
tion to the limitations of our senses. I will take as 
the standard the atom of hydrogen gas—the smallest 
material body hitherto recognized. The mass of an 
electron is 1/700th of an atom of hydrogen, or 3 x 
10-" grm. according to J. J. Thomson, and its velocity 
is 2 x 10° centimeters per second, or two-thirds that of 
light. The kinetic energy per milligramme is 10" ergs, 
about three and one-half million foot-tons. Becquerel 
has calculated that one square centimeter of radio- 
active surface would radiate into space one gramme of 
matter in one billion years. 

The positively electrified masses or ions are enorm- 
ously great in comparison with the size of the electron. 
Sir Oliver Lodge illustrates it thus: If we imagine 
an ordinary-sized church to be an atom of hydrogen, 
the electrons constituting it will be represented by 
about 700 grains of sand each the size of an ordinary 
full-stop (350 positive and 350 negative) dashing in 
all directions inside, or, according to Lord Kelvin, ro- 
tating with inconceivable velocity. Put in another 
way; the sun’s diameter is about one and a half mil- 
lion kilometers, and that of the smallest planetoid 
about 24 kilometers. If an atom of hydrogen be mag: 
nified to the size of the sun, an electron will be about 
two-thirds the diameter of the planetoid. 

The extreme minuteness and sparseness of the elec- 
trons in the atom account for their penetration. While 
the more massive ions are stopped by intercollisions 
in passing among atoms, so that they are almost com- 
pletely arrested by the thinnest: sheet of matter, elec- 
trons will pass almost unobstructed through ordinary 
opaque bodies. 

The action of these emanations on phosphorescent 
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screens is different. The electrons strongly affect a 
screen of barium platinocyanide, but only slightly one 
of Sidot’s zine sulphide. On the other hand, the heavy, 
massive, non-deflectable positive ions affect the zinc 
sulphide strongly, and the barium platinocyanide screen 
in a much less degree. 

Both Réntgen rays and electrons act on a photo- 
graphic plate and produce images of metal and other 
substances inclosed in wood and leather, and throw 
shadows of bodies on a barium platinocyanide screen. 
Electrons are much less penetrating than Rintgen rays, 
and will not, for instance, show easily the bones of 
the hand. A photograph of a closed case of instru- 
ments is taken by radium emanations in three days, 
and by Réntgen rays in three minutes. The resemb- 
lance between the two pictures is slight, and the differ- 
ences great. 

The power with which radium emanations are en- 
dewed of discharging electrified bodies is due to the 
ionization of the gas through which they pass. This 
can be effected in many other ways; thus, ionization is 


communicated to gases faintly by the splashing of 
water, by flames and red-hot bodies, by ultra-violet 
light faliing on negatively electrified metals, and 


strongly by the passage of Rintgen rays. 

According to Sir Oliver Lodge's electronic theory of 
matter, a chemical atom or ion has a few extra negza- 
tive electrons in addition to the ordinary neutral atom, 
and if these negative electrons are removed it thereby 
becomes positively charged. The free electron  por- 
tion of the atom is small in comparison with the main 
bulk, in the proportion in hydrogen of about 1 to 700. 
The negative charge consists of super-added or un- 
balanced electrons—one, two, three, etc., according to 
the. chemical valencyeof the body—whereas the main 
bulk of the atom consists of paired groups, equal posi- 
tive and negative. As soon as the excess electrons 
are removed, the rest of the atom, or ion, acts as a 
massive positively charged bedy, hanging tightly to- 
gether. In a high vacuum the induction spark tears 
the components of a rarefied gas apart; the positively 
charged ions, having great comparative density are 
soon slowed down by collisions, while the electrons 
are driven from the negative pole with an enormous 
velocity depending on the initial electromotive force 
and the pressure of gas inside the tube, but approach 
ing, at the highest exhaustions, half that of light. 

After leaving the negative pole the electrons meet 
with a certain resistance, in a slight degree by physi- 
cal collisions, but principally by reunion with the posi- 
tive ions. 

Since the discovery of radium and the identification 
of one set of its emanations with the cathode stream 
or radiant matter of the vacuum tube, speculation and 
experiment have gone hand in hand, and the two-fluid 
theory of electricity is gradually replaced by the origi- 
nal one-fluid theory of Franklin. On the two-fluid theory, 
the electrons constitute free negative electricity, and 


the rest of the chemical atom is charged positively, 
although a free positive electron is not known. It 
seems to me simpler to use the original one-fluid 


theory of Franklin, and to say that the electron is the 
atom or unit of electricity. Fleming uses the word 
“co-elecirons” to express the heavy positive ion after 
separation from the negative electron: “We can no 
more,” he says, “have anything which can be called 
electricity apart from corpuscles than we can have 
momentum apart from moving matter.” A _ so-called 
negatively charged chemical atom is one having a 
surplus of electrons, the number depending on the 
valency, while a positive ion is one having a deficiency 
of electrons. Differences of electrical charge may 
thus be likened to debits and credits in one’s banking 
account, the electrons acting as current coin of the 
realm. On this view only the electron exists; it is the 
atom of electricity, and the words positive and nega- 
tive, signifying excess and defect of electrons, are 
only used for convenience of old-fashioned nomen 
clature. 

The electron theory fits and luminously explains 
Ampére’s idea that magnetism is due to a rotating cu 
rent of electricity round each atom of iron; and fol 
lowing these definite views of the existence of free 
electrons, has arisen the electronic theory of matter. 
It is recognized that electrons have the one property 
which has been regarded as inseparable from matter— 
nay, almost impossible to separate from our conception 
of matter—I mean inertia. Now, in that remarkable 
paper of J. J. Thomson’s, published in 1881, he de- 
veloped the idea of electric inertia (self-induction) as 
a reality due to a moving charge. The electron there- 
fore appears only as apparent mass by reason of its 
electro-dynamic properties, and if we consider all forms 
of matter to be merely congeries of electrons, the in- 
ertia of matter would be explained without any ma- 
terial basis. On this view the electron would be the. 
“protyle” of 1886, whose different groupings cause thay 
Genesis of the Elements. 

There is one more property of the emanations of 
radium to bring before your notice. I have shown 
that the electrons produce phosphorescence of a sensi- 
tive screen of barium platinocyanide, and the positive 
ions of radium produce phosphorescence of a screen of 
zine blende. 

If a few minute grains of radium salt fall on the zine 
sulphide screen the surface is immediately dotted with 
brilliant specks of green light. In a dark room, under 
a microscope with a 2-3-inch: objective, each luminous 
spot shows a dull center surrounded by a diffused lumi- 
nous halo. Outside the halo the dark surface of the 
screen scintillates with sparks of light. No two flashes 
succeed on the same spot, but are scattered over the 
surface, coming and going instantaneously, no move- 
ment of translation being seen. 

If a solid piece of radium salt is brought near th¢« 
screen, and the surface examined with a pocket lens 
magnifying about 20 diameters, scintillating spots are 
sparsely scattered over the surface. Bringing the 
radium nearer the screen the scintillations become 
more numerous and brighter, until when close together 
the flashes follow so quickly that the surface looks like 
a turbulent luminous sea. When the scintillating 
points are few there is no visible residual phosphores- 
cence, and the successive sparks appear “atoms of in- 
tensest light,” like stars on a‘black sky. What to the 
naked eye seems like a uniform “milky way,” under 
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the lens becomes a multitude of stellar points, flashing 
over the whole surface. 

“Polonium” basic nitrate, actinium, and radio-active 
platinum produce a similar effect on the screen, but 
the scintillations are fewer. In a vacuum the scintilla- 
tions are as bright as in air, and being due to inter- 
atomic motion they are not affected by extremes of low 
temperature; in liquid hydrogen they are as brilliant 
as at the ordinary temperature. 

A convenient way to show these scintillations is to 
fit the blende screen at the end of a brass tube with a 
speck of radium salt in front about a millimeter off, 
and to have a lens at the other end. I propose to call 
this little instrument the “spinthariscope,” from the 
Greek word 6ztvGapis, a scintillation. 

It is difficult to estimate the number of flashes of 
light per second. With the radium about five centime- 
ters off the screen the flashes are barely detectable, not 
more than one or two per second. As the distance of 
the radium diminishes, the flashes become more fre- 
quent, until at one or two centimeters they are too 
numerous to count, although it is evident this is not 
of an order of magnitude \nconceivably great. 

Practically the whole of the luminosity on the blende 
screen, whether due to radium or “polonium,” is occa- 
sioned by emanations which will not penetrate card. 
These are the emanations which cause the scintilla- 
tions, and the reason why they are distinct on the 
blende and feeble on the platinocyanide screen, is that 
with the latter the sparks are seen on a luminous 
ground of general phosphorescence which renders the 
eye less able to see the scintillations. 

It is probable that in these phenomena we actually 
witness the bombardment of the screen by the positive 
ions hurled off by radium with a velocity of the order 
of that of light. Each particle is rendered apparent 
only by the enormous extent of lateral disturbance 
produced by its impact on the sensitive surface, just 
as individual drops of rain falling on a still pool are 
not seen as such, but by reason of the splash they 
make on impact, and the ripples and waves they pro- 
duce in ever-widening circles, 

Indulging in a “Scientific Use of the Imagination,” 


fig.7. Mercury Turbine Break 
4 - 
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brations of the siren were produced, and with the 
wire which served a like purpose for the electric 
oscillator; he would now turn to two other analogous 
features, which were an air-compressing pump and 
an induction coil. In wireless telegraphy the source 
of power was either an induction coil or an alternat- 
ing-current transformer. A battery would not give 
eofficient pressure for the purpose. It was customary 
to use 10-inch coils—that is, coils which would give 
a spark in air of a length of 10 inches. He then threw 
upon the screen a section of such a coil, rapidly ex- 
plaining its construction, and laying stress on the fact 
that the secondary had to be very carefully insulated, 
so that wires having large differences of electromotive 
force should not be adjacent to each other. The coil 
which he illustrated had a length of 200 yards of wire 
in the primary and 17 miles in the secondary. There 
was a current in the secondary only when the current 
in the primary was either stopping or starting, and 
hence the construction of the interrupter, which 
stopped and started the primary current, was a matter 
of very great importance. The most usual form of 
interrupter was known as the “hammer break,” and 
consisted of a piece of iron which was attracted by 
the core of the coil, and in moving broke the primary 
circuit; it then fell back and renewed the circuit. 
Such breaks, however, were far from being efficient, 
and new forms had been devised. It was customary 
also to put a condenser in parallel with the break. 
This arrangement still persisted, because instrument- 
makers were a conservative race, and made their coils 
now in the same way as they did twenty years ago. 
Messrs. Newton & Co., of Fleet Street, have, however, 
we understand, recently designed for the Admiralty a 
form of induction coil specially adapted for wireless 
telegraphy. 

Better devices had been produced in Germany, and 
there were several forms of break originating there 
which gave good results. It was Fizeau who, in 1853, 
introduced the condenser, as he found its employment 
increased the electromotive force at the terminals of 
the secondary. Lord Rayleigh, however, had shown 
that if the break were sufficiently sudden, the con- 
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and pushing the hypothesis of the electronic constitu- 
tion of Matter to what I consider its logical limit, we 
may be, in fact, witnessing a spontaneous dissociation 
of radium—and we begin to doubt the permanent sta- 
bility of matter. The chemical atom may be actually 
suffering a katabolic transformation; but at so slow a 
rate that supposing a million atoms fly off every sec- 
ond, it would take a century for weight to diminish 
by one milligramme. 

It must never be forgotten that theories are only 
useful so long as they admit of the harmonious cor- 
relation of facts into a reasonable system. Directly a 
fact refuses to be pigeon-holed and will not be ex- 
plained on theoretic grounds, the theory must go, or 
it must be revised to admit the new fact. The nine- 
teenth century saw the birth of new views of atoms, 
electricity, and ether. Our views to-day of the consti- 
tution of matter may appear satisfactory to us, but 
how will it be at the close of the twentieth century? 
Are we not incessantly learning the lesson that our 
researches have only a provisional value? A hundred 
years hence shall we acquiesce in the resolution of the 
material universe into a swarm of rushing electrons? 

This fatal quality of atomic dissociation appears to 
be universal and operates whenever we brush a piece 
of glass with silk; it works in the sunshine and rain- 
drops, and in the lightnings and flame; it prevails in 
the waterfal) and the stormy sea. And although the 
whole range of human experience is all too short to 
afford a parallax whereby the date of the extinction of 
Matter can be calculated, Protyle, the “formless mist,” 
once again may reign supreme, and the hour hand of 
eternity will have completed one revolution. 


HERTZIAN WAVE TELEGRAPHY. 


Dr. Fiemine’s Seconp PAPER. 

Dr. Fremine commenced his second lecture by say- 
ing that the former lecture was devoted to the theory 
of the radiator or “aerial,” and that the present one 
would deal with transmitting arrangements and trans- 
mitters. 

Referring to the diagram of the siren and electric 
oscillator, he said that he would push further the 
analogy which he explained in the former lecture. 
Last time he had dealt with the pipe in which the vi- 


Prof. Trowbridge had also 
devised a break in which a platinum wire was dipped 
into, and raised out of, an acid, and this break did not 


denser was not needed. 


need a condenser. Several forms of mercury break had 
been devised, more particularly for use with Réntgen 
ray apparatus. In the Mackenzie-Davidson break a 
paddle, driven by an electric motor, worked in a bath 
of mercury, and by churning up the mercury caused 
interruptions in the current. An improvement on this, 
known as the mercury turbine break, had been de- 
vised by Max Levy. In this there was a quantity of 
mercury contained in an open-mouthed cylinder, in 
which there rotated a paddle wheel acting as a centri- 
fugal pump. This wheel drove the mercury over the 
top of the cylinder, and projected it against an elec- 
trode. Around the cylinder there rotated a second 
cylinder of non-conducting material, the lower edge 
of which was serrated. The teeth of these serrations 
masked the electrode, and cut off the steam of mer- 
cury, while the spaces between the teeth allowed the 
mercury to pass. The mercury itself formed one elec- 
trode of the apparatus, and consequently the circuit 
was alternately broken and made. By varying the 
speed of the motor, it was possible to regulate the 
number of breaks per second, and also the interval 
between them, and by this device the working of the 
coil could be largely controlled. At the maximum 
speed of 700 breaks per second the spark was thin and 
crackling, while at the lower speeds—of less than 100 
per second—the spark grew full and fat, and less 
noisy. An interrupter based on these principles was 
constructed by the Allgemeine Elektricitéts Gesell- 
schaft. This interrupter required the use of several 
pounds of mercury, and to avoid this another form 
was constructed, in which a disk, provided with copper 
segments, ran under carbon brushes, being driven 
from a motor whose speed was under complete control. 

In 1899 Wehnelt brought out an electrolytic break, 
in which a lead plate immersed in dilute acid formed 
one electrode, and a platinum wire passing through 
the bottom of a porcelain tube, the other electrode. In 
a circuit containing inductance, the current passed in- 
termittently from the platinum to the lead, the inter- 
ruptions being at the rate of thousands per second, 
and being variable according to the protrusion of the 
platinum wire. There had been much discussion as to 
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the theory of this apparatus, but he had not had time 
to go into that matter. It was found to work best at 
a difference of potential of 60 to 80 volts, and gave from 
100 to 2,000 interruptions per second. The frequency, 
however, was not under very exact control. A modifi- 
cation of the apparatus had been devised by Caldwell, 
and is shown in Fig. 2 annexed. Here the electrodes 
are two lead plates, one of which is contained in a 
tube perforated with several holes. A further modi- 
fication of this was devised by Campbell-Swinton. Here, 
as shown in Fig. 3, the tube had only one aperture 
at the bottom, and this could be more or less closed by 
a pointed glass rod, this rod forming the means of 
adjustment. In such apparatus, however, it was not 
possible to alter the frequency without at the same 
time changing the current, and for wireless telegraphy 
such breaks were not of much importance. 

The lecturer then turned to describe the requisites 
of a good break. The function of the induction coil 
was to charge a condenser, and this made a great dif- 
ference in its action; a coil which would give a 10- 
inch spark in air would, when joined to a condenser, 
only give a spark of a few millimeters. The lecturer 
joined on to a coil which he had on the table a capac- 
ity of 1-100 microfarad, and showed that he could not 
get a fraction of the electromotive force which the 
coil had previously given. By means of a diagram, 
Dr. Fleming explained that when the current was set 
up in the primary wire of a coil there was a sudden 
rush of current in the secondary, which lasted only 
so long as the current in the primary was increasing. 
Then so long as the primary current was uniform 
there was no current in the secondary, while when the 
primary current was dying away to nothing, on ac- 
count of the break of the circuit, there was a sudden 
rise of electromotive force—a generation of current— 
in the secondary. The more quickly the current in the 
primary was stopped, the greater was the electro- 
motive force in the secondary, and the shorter the time 
that the current flowed therein. As an analogy to help 
his audience to understand how important it was that 
the break of current should be as instantaneous as 
possible, Dr. Fleming adduced the case of a number of 


Fig.4. Termunal Voltage of a Crdenser 
of Capacity C Charged through 
% Resistance R. 


cisterns, each capable of holding about a bucketful, 
but some narrow and others wide. If a bucketful of 
water were poured into a narrow cistern, it rose to a 
considerable height and produced comparatively large 
pressure at the bottom; while if the cistern were broad, 
the depth of water was small and the pressure little. 
Now a condenser charged by a coil was like a cistern, 
and if it were of large capacity, the pressure in it was 
only small; while if it were of small capacity the pres- 
sure was correspondingly large. Unfortunately, mak- 
ers of coils could never tell how they would behave 
when connected to a capacity of a certain size. But for 
aerial telegraphy it was absolutely necessary to have 
a capacity in order to get a store of energy, and also 
a coil that was capable of supplying electricity fast. 
Fig. 4 shows results plotted from the terminal voltage 
of a condenser of capacity C, charged through a resist 
ance R, C being measured in microfarads and R in 
megohms. This diagram showed that the coil was only 
capable to charge the condenser up to 60 per cent of 
its capacity in one second, and that it needed six or 
seven seconds to complete the charge. Every conden- 
ser had a time constant, which was given by the form- 
ula below. 

The period of an electric oscillation in a circuit of 
inductance L centimeters and capacity C microfarads 


CL 


T= 5x 108 


5,000,000 


7T7=time in seconds. 
N=number of oscillations per second. 

As a matter of practice, five to ten times the time 
constant, as found by the formula, was necessary for 
the full charge of the condenser. 

The sparking distance between spheres of 2.6 centi- 
meters in diameter had been investigated, and was 
shown on the diagram, Fig. 5. The line was almost 
straight, and, as a matter of convenience for memory, 
it might be said that a pressure of 3,000 volts was re- 
quired per millimeter of spark-gap. This figure, how- 
ever, was different when the gap was surrounded by 
gases other than atmospheric air, and also when the 
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pressure of the air was varied. He then showed that 
by surrounding a spark-gap with air to the pressure of 
50 pounds to 60 pounds per square inch, the air did not 
give way until the electric pressure had risen to a much 
higher limit than if the air were at atmospheric pres- 
sure. The apparatus he used to demonstrate this to 
the audience is illustrated in Fig. 6. In this J is a 
coil, C, a condenser, 7, a transformer, 8, a second 
spark-gap, and so on. When a spark occurred at S,, 
oscillations were set up in the secondary of the trans- 
former 7, and sparks occurred at S., provided the balls 
were near enough together. It was possible, however, 
to place them so far apart that no spark took plate 
under these circumstances. Then, by compressing the 
air around S,, the electro-motive force produced by the 
coil J rose to a much higher figure before it broke 
down the air, and consequently a much greater induc- 
tive effect was produced in the transformer 7',, which 
showed itself by sparks at the gap S,. It was thus de- 
monstrated to the audience that as the atmespheric 
pressure rose round §8,, the electric pressure in the 
secondary circuit rose too. According to Prof. Fessen- 
den, more radiation, the lecturer said, was given off 
from the aerial wire when there was an air pressure 

, 80 pounds per square inch in the gap than at other 
times. This was, no doubt, because of the greater sud- 
cdenness with which the dielectric gave way, and al- 
iowed the spark to pass. Electric pressure was only 
eeneraied in the secondary coil, and only radiated 
from the aerial when the primary current was being 
accelerated, and not when it was flowing uniformly; 
hence the value of a sudden break. The suddenness 
of the break was three and a half times as great 
vben the pressure was 80 pounds per square inch as 
t was when it was 50 pounds. 

or getting the power necessary for aerial wires, an 
nduection coil was inadequate. Such a coil as he had 

ere could only be rated at one-tenth of a horse power, 
oid its efficiency was not more than from 50 to 60 per 

ent. Hence recourse must be had to alternate-current 
insformers, which, again, introduced difficulties of 
eir own. They had much lower resistances in the 
s-condary, with the result that they were very apt 
) set up alternate-current ares between the balls of 
he spark-gap. He had there a transformer encased in 
oil, which raised the voltage, which he took from the 
mains in the building, from 100 to 10,000. Across the 
terminals of this transformer was a spark-gap. This 
coil also charged a pair of Leyden jars, which fed a 
second spark-gap, enabling the audience to understand 
what was occurring at the first. The first gap was fit- 
‘ed up with a pipe, through which air could be forced 
to blow ovt the are. As long as the arc persisted there 
was practically no charge in the jars, because the are 
formed a Constant conductor between the two balls, 
short-circuiting the terminals of the coil, but by blow- 
ng into the gap the are was extinguished, and only 
ithe sparks left; under those conditions the jars were 
charged, and sparked freely across their gap. This 
was shown to the audience by the are being first blown 
out, and then allowed to establish itself. Prof. Flem- 
ins said that he had had great difficulty to demonstrate 
to the United States Patent Office authorities that it 
was possible to blow out the are and leave the sparks. 

Dr. Fleming then threw upon the screen the diagram 
of a transformer arrangement designed by himself 
especially for the production of powerful electrical 
waves, shown in Fig. 7. In this a is an alternate-cur- 
rent generator—in this case the supply generator which 
was lighting the building—H, and H, are inductances, 
the lower of which can be short-circuited by the key K; 
7 was a transformer, S, a spark-gap, C, a condenser, 
7, a second transformer, and 7, a third. When the 
inductances H, and H, were in circuit, they choked the 
current so far that there was not sufficient electro- 
motive force set up in the secondary of the transformer 
T (o show at the spark-gap S,; but when the inductance 
H. was short-circuited by the key K, then the sparks 
showed themselves. In this arrangement the induct- 
ances acted as throttle valves, and reduced the current 
in the primary circuit, and the key could be used as a 
sending key for signals. 

Dr. Fleming then referred to the Cooper-Hewitt 
form of spark-gap, which had just been brought out. 
in America. This is a variation of the mercury lamp. 
A glass globe has two short depending tubes filled with 
mercury, and the globe itself is exhausted. When the 
pressure from an alternate-current machine is con- 
nected to such an apparatus, it attains a very consider- 
able amount before the current flows from terminal to 
terminal through the vapor of mercury with which 
the globe is filled. Once the circuit is established,. the 
current persists, although the pressure may decrease 
very much. For instance, it may require 15,000 volts 
to establish the circuit, but when this is done the cur- 
rent will continue until the pressure has fallen to 20 
to 30 volts. The distinguishing feature of this appa- 
ratus was, he said, the extreme suddenness of the make 
ne which took place practically instantan- 
eously. 

The lecturer then turned his attention to energy- 
Storing and voltage-raising devices. He said the most 
familiar of these were Leyden jars, but they suffered 
from the disadvantage that they were bulky and frag- 
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ile. He had made a condenser in which the dielectric 
was micanite, and he showed a small box which had 
a storage capacity of six microfarads. It was remark- 
able how large a bulk of dielectric was necessary for 
the storage of electrical energy, as compared with the 
bulk of material for the storage of mechanical energy. 
One cubic foot of air would store 1 foot-pound of elec- 
tric energy, but if 2 cubic feet of air were compressed 
into 1 cubic foot they would hold 1,440 foot-pounds of 
mechanical energy. Glass would only carry one-for- 
tieth to one-fiftieth of a foot-pound per cubic foot, and 
this was a characteristic which it was impossible to 
get round. Micanite had a capacity of two to three 
times this, on account of its greater strength. 

They had now, said the lecturer, considered the ac- 
tion of devices for electric telegraphy; they had to 
make the pressure, store it up, to release it at the 
spark-gap, and to cause the oscillations in the aerial. 
The defect of Marconi’s simple form of aerial wire 
(see Fig. 12 ante) was the very small amount of en- 
ergy which it would store up; a wire 100 feet long had 
a capacity of only 1-5000 of a microfarad, which 
was about one-tenth that of an ordinary Leyden jar. 
Yet this simple contrivance would signal satisfactorily 
over a radius of 100 miles; its fault was that it pro- 
duced an impulse rather than a train of waves; it had 
not sufficient stored energy to send out wave after 
wave. An improvement upon this was the Marconi 
tuned aerial (see Fig. 35 ante), in which a coil was 
used to charge a condenser, which was discharged 
through a spark-gap and an oscillation transformer, 
the induced secondary oscillations being used in the 
aerial. This arrangement would give 20 or 30 oscilla- 
tions, and so throw off a train of waves. It was im- 
portant, however, that the time constant of both the 
circuits should be tuned, so that they were in unison. 
Its construction should be carried further, as shewn 
in Fig. 7 where there are three successive trans- 
formations, enabling a spark-gap of 5 or 6 centimeters 
to be employed in the last circuit at S,. A third meth- 
od—intermediate between the above two—was intro 
duced by Prof. Braun, and was shown in Fig. 29 ante. 
In this the oscillation transformer was dispensed with, 
and the aerial wire was connected to one pole of the 
condenser, the other being earthed. With this con- 
struction it was not possible to get such a store of 
energy in connection with the aerial. All the different 
forms of charging devices could be reduced to three 


DETAIL OF REVERSE. 
types, shown in Figs. 8, 9, and 10, of which the first 
and the last were due to Marconi, and the middle one 
to Braun. Dr. Fleming then quickly described the 
Slaby-Arco multiplier transmitter, the Slaby transmit- 
ter, the Allgemeine Elektricitats Gesellschaft transmit- 
ter (Fig. 33, page 193 of Traction and Transmission for 
March), and the Lodge-Muirhead transmitter, pointing 
out in each case to which of the three typical forms 
they were related. 

The last portion of the lecture dealt with Marcont’s 
law of the distances to which signals could be sent. 
The law is as follows: 

Marconi’s law is: “With any given transmitter and 
receiver, if )) is the distance in meters at which signals 
can be received on ‘aerials’ H meters high, then 

D=CH:, 
where ( is a coefficient varying from 30 to 1,000, ac- 
cording to the nature of the receiver and transmitter.” 

The proof is as follows: The wave energy varies as 
— when H is constant. When D is constant the 
energy received varies as the square of the electro 
motive force in the receiving aerial, and therefore 

H? 

varies as H*. Hence, when both vary together — 

D 

must be a constant determined by the nature of the 
receiver and transmitter. 

The fact that the distance to which signals can be 
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transmitted varies as the square of the height of the 
aerial had led some people to predict that it would 
never be possible to signal across the Atlantic, except 
by the aid of an aerial of some 2,000 feet in height. 
The iaw was perfectly true, but it depended upon the 
delicacy of the receiver; and although a height of 150 
feet was needed at the South Foreland, yet in conse- 
quence of improvements in the other apparatus, aerials 
of a height of 200 feet had served for messages across 
the Atlantic. At the close of the lecture Dr. Fleming 
repeated the experiment of showing visually the form 
of a wave of electric pressure upon the aerial. He 
did that because Mr, Marconi and Lord Kelvin tormed 
part of the audience, but had not been, present at the 
previous lecture, and they desired to ‘see the experi- 
ment. It was received with very great applause. 


[Continued from SurrLEMENT No, 1435, page 22996.] 


SOME DETAILS OF THE PARIS-MADRID RACING 
AUTOMOBILES. 


Specially Prepared by the Panis Corresponpent of the 
ScIENTIFIC AMERICAN, 
Il. THE MORS AUTOMOBILE, 

Among the new machines which deserve attention is 
the improved 1903 Mors automobile. The motor, of 
the vertical type, placed on the front end of the chas- 
sis, has four cylinders mounted on a long crank-case 
The water circulation takes place between the exterior 
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LONGITUDINAL AND CROSS SECTIONS OF 
MORS CARBURETER. 


of the cylinder and an outer jacket of aluminium. This 
construction allows the cylinder to be turned both in- 
side and out, and it can thus be reduced to the exact 
thickness required, giving a uniform cooling. One 
peculiarity of the motor is that the inlet valves are 
operated mechanically instead of automatically, as 
usual. For this purpose a second cam-shaft is placed 
parallel to the one which operates the exhaust valves. 
In consequence, each opening and closing of the inlet 
valve is produced exactly at the proper moment, doing 
away with the irregularities which may occur owing to 
the difference in tension of the valve spring. The gov- 
ernor keeps the motor at constant speed by throttling 
its supply of gas. The balls of the governor operate 
a fork on a sliding collar, and the latter, by means of 
a lever, works a circular throttle valve provided with 
a number of holes, which is placed in the pipe leading 
to each inlet valve. The governor may be blocked by 
a special device which permits the throttle valve to 
remain fully open. This device, called the “accelerat- 
or,” is operated by a pedal. Besides, the position of 
the throttle valve, outside of the usual governor action, 
may be modified at will by the driver. For this pur- 
pose, the shaft which operates the lever of this valve 
is arranged so as to be worked by a handle, which is 
mounted on the steering post and moves over a sector. 
This “moderator,” as it is called, acts through a spring 
which holds it in place and which allows the “acceler- 
ator” pedal to be worked momentarily, for instance, in 
mounting a slight grade, without changing the position 
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of the moderator lever upon the sector. When the pedal 
is released, the whole is restored to the original posi- 
tion by the spring. 

The various parts of the mechanism are arranged 
on the chassis in the usual manner. From the main 
friction clutch in the flywheel, a short piece of shaft- 
ing leads to a large box containing the speed-changing 
gears and differential shaft. The latter projects out 
of the box on each side, carrying the sprocket wheels, 
which drive the rear wheels of the vehicle by 
chains. The change speed gear has been carefully 
designed so as to be as simple and efficient as pos- 
sible. It gives a direct drive of the differential by 
the motor on the high speed, without using intermedi- 
ate gears. The driving shaft, M, which is connected 
with the motor through the friction clutch seen on 
the left, carries a traveling gear set, 7, formed by a 
sliding collar on which are mounted the main gears, 
J, J. J, The lower shaft, K, carries the secondary 
gears, L, L.. L, and, to the right, a bevel gear, 8. 
which meshes with the gear, 7, mounted on the shaft 
of the differential, U. By engaging each one of the 
gear sets, J, L,. J. L. J, the first three speeds are 
obtained. For the high speed, the collar of the slid- 
ing set, 7, carries a jaw clutch on its right end, r, which 
when the gear set is slid to the right as far as possible, 
interlocks with its other half attached to the bevel 
gear, Q. The latter meshes with the bevel gear R, 
mounted on the differential. The maximum, or fourth 
speed, is thus obtained through the jaw clutch, and the 
motor drives the differential directly. This method of 
direct driving on the high speed, without the use of 
intermediate gears, is a great advantage, and is being 
used in most of the leading types of automobiles. 

The stop and reverse are obtained as follows: When 
the lever is moved to the rear, from the slow speed 
notch, the gear J, of the sliding set moves off L, 
and comes in mesh with a small pinion, X, seen in Tae 
upper section. This is the stop position. When the 
lever is moved further to the rear, the tail of the shift- 
ing-fork, Y, pushes a small lever mounted on the lower 
fork. W. The latter, turning about its axis, pushes 
the pinion X toward the right and brings it in mesh 
with the lower pinion, L,, of the slow speed. The lower 
shat K,. is thus operated by the upper gear through 
the pinion X, and turns in the opposite direction, giv- 
ing the reverse. 

The motor is connected to the change gear box 
through a friction clutch with internal reactions, that 
is, there is no longitudinal thrust transmitted to the 
motor or the gearing. The motor shaft, A, carries a 
flywheel, B. in which is lodged the aluminium cone of 
the clutch, C. The latter is bolted to a collar. D, 
which slides upon the driving shaft, FE. At the right- 
hand end of shaft A is a secket, H. in which is mounted 
a ball bearing, G, the latter being also fixed to the fly- 
wheel. The spring which serves to keep the friction 
clutch in place, bears at one end against a washer on 
the driving shaft and on the other against the cone 
of the, friction clutch. By this disposition the thrust 
is taken up and the system well balanced. Although 
the chassis is made as rigid as possible, it is of ad- 
vantage to provide for the case of an accid>ntal de- 
formation, which might prevent the shaft from turn- 
ing. The driving shaft, FE. is connected with the rear 
shaft by a joint of special form, which allows it to 
work at an angle. On the shaft is mounted a square 
socket in which is lodged a square piece S carried 
upon the shaft, M, of the gear-box. The square 
piece carries cylindrical faces, which form an articula- 
tion, and allow of a displacement of one shaft with 
respect to the other. 

The system of carburetion also deserves special men- 
tion. Owing to the different improvements which 
have been made upon the motors, especially that of 
the mechanical operation of the inlet valves, the work- 
ing régime has been considerably changed. While 
formerly the normal speed of the motor varied between 
1,000 and 1,200 revolutions per minute, and its slow 
speed was about 600 revolutions, at present it is re- 
quired to work at only 300 revolutions at the slow 
speed. This decrease of speed has been made possible 
by the use of the mechanically operated inlet valves 
The difference of speed involves differsnces in the 
earburetion, and the type of carbureter which was 
formerly employed, although excellent for the usual 
speeds, is not adapted for the slow speeds which are 
now possible. The new Mors carbureter is designed 
to overcome the difficulties of carburetion at slow 
speed by furnishing a mixture of gas and air which is 
always capable of giving a maximum explosive effect 
with a minimum quantity of gasoline. The usual 
float-feed reservoir is seen on the left, feeding the 
gasoline at constant level into the second cylindrical 
chamber, B. The latter is divided into two parts by 
a partition, C, forming two chambers, D and &. 
These connect with the air through the openings F and 
G. These openings are closed by the revolving sleeve, 
H (see plan view), which is turned about the cylinder 
by the lever, L, so that both the air passages are opened 
or closed at the same time. The gasoline, arriving 
from the float chamber, rises in the column, J, and is 
sprayed through the nozzle, J, by the suction of the 
motor. During the aspiration of the motor, the air 
enters at F and also at G. In the chamber, D, it meets 
the gasoline spray, forming the carbureted mixture. 
In the upper part of the cylinder the carbureted air 
mixes with the pure air coming from the chamber, Z. 
It is only necessary to give to the openings F and G, 
which are more or less uncovered by the collar, H, a 
profile such that the quantities of air entering the two 
chambers are always in the right proportion for form- 
ing a perfect mixture with the gasoline. The valve- 
collar, H, is worked directly by the governor of the 
motor, and is thus all that is required for the proper 
supply of air. 

The Mors machines are also fitted with “honeycomb” 
radiators, formed of a great number of short copper 
tubes around which the water circulates. The radiator 
is mounted in front of the motor, and back of it is a 
fan driven by a pulley, for giving a good draught when 
the vehicle runs at slow speed. The use of this radi- 
ator, owing to its more effective cooling, allows the 
water supply to be diminished. It is used on the Mors 
racers heretofore illustrated, as well as on the touring 
car shown, 
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AUTOMATIC FOCUSING ENLARGING APPARATUS. 


Tue greatest difficulty to contend with.in the mak- 
ing of enlarged prints on bromide or velox paper from 
small negatives is the focusing. While reduction tends 
to sharpen a print from a negative that may be slightly 
out of focus, the process of enlargement has the oppo- 
site effect, and no matter how sharp the negative may 
be, unless the image is critically focused and a very 
small stop used, the print will be disappointing. While 
it is possible to focus with comfort by using the full 
aperture of the lens and stopping down for the expos- 
ure, it is still uncertain whether the print will be 
sharp, for it occasionally happens in some lenses the 
focal point is altered by the substitution of the smaller 
stop. The camera illustrated, designed by Mr. t1. 


470 INCH 


Se 3 70 INCH 


DIAGRAM OF SELF-FOCUSING CAMERA. 


Stender, consists of a combined printing frame plate 
holder in which the sensitive paper is placed upon a 
sheet of clean glass; a light-tight back is then clamped 
down and holds the paper perfectly flat. The holder 
is inserted at one end of the camera, and the slide 
drawn when ready to expose. At the other end of the 
camera, kits are provided for receiving various sizes 
of negatives, over which is placed a framework bear- 
ing tissue paper for evenly diffusing the light. ‘The 
partition in the center is provided with a lens and a 
simple form of shutter. As the lens has only one work- 
ing diaphragm, and this a small one, it is of course 
difficult to focus the image except in direct sunlight. 
At the same time the fixed diaphragm has its advantage 
in that it simplifies the calculation of the exposure 
after a few trials. The principal feature of the camera, 
however, is that no focusing is necessary. The lens 
and negative supports engage with an ingenious com- 
bination screw shaft, provided with differentiating 
screw threads, mathematically cut, so that by turning 
the handle of the screw shaft at one end the negative 
travels over a scale which shows the extent of magnifi- 
cation and the lens is moved at a varying rate of speed 
by a coarser screw thread on the same shaft either for- 
ward or backward, always maintaining on the focusing 
screen or sensitive paper the correct focus for any size 
wanted. It will thus be seen that it is only necessary 
to load the holder with sensitive paper or plate in the 


A SELF-FOCUSING ENLARGING CAMERA. 


darkroom, insert it in the camera in daylight, turn the 
handle to the size desired, and expose at a saving of 
time and gain in definition and quality of work. 


FICTITIOUS WINES: SOME INTERESTING 
RECIPES. 


We believe on the whole that the great bulk of the 
cheap wines sold to the British public by respectable 
merchants is genuine, in so far as that they are real 
fermented grape juice. This is, perhaps, more partic- 
ularly so in regard to Bordeaux wines, though, doubt- 
less, there are genuine Ifght red wines imported as 
French wines which, however, have not been produced 
in France. Resent this comparatively trifling form of 
fraud as we may, it is obviously not so wicked as hav- 
ing a wine thrust upon us which is not fermented juice 
at all. A short time ago a person somewhere on the 
banks of the Rhine was caught compounding a fluid 
which he bottled and described as “Niersteiner,” which 
of course implied that it was the wholesome wine pro- 
duced in a certain district famous for its light Rhine 
wine. As a matter of fact, the fermented juice of the 
grape proved to be the smallest item in the formula, 
the rest being made up of alcohol, water, and certain 
flavoring materials. In this country also there is no 
doubt that to a certain extent—but we think a limited 
extent—fictitious wine is made. Thus, in some evi- 
dence given before the Departmental Committee on 
Food Preservatives four years ago it was stated that 
somewhere on the banks of the Thames a preparation 
was made which was sold as “St. Julien.” As there 
was no duty paid on this stuff it is not surprising that 
its price was not more than 64d. a bottle and we dare 
say that that figure left a fairly respectable margin of 
profit. to the manufacturer. Possibly this “wine” 
brought a much higher price when ultimately sold by 
the retailer to an individual customer. It would Be 
interesting to discover the true composition of the 
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claret commorly labeled “St. Julien” which is to be 
found at most public houses or country inns, however 
remote they may be. As a rule there is nothing but 
the description “St. Julien” or perhaps ““Medoc” on the 
label and there is certainly no evidence of bona fides 
on the cork. In this connection we have recently come 
across some interesting recipes for making wines which 
are calculated to throw some light on the “wine” which 
is now and again met with. To make Bordeaux wine, 
for example, “it is best to use a light Hungarian red 
wine. Mix with 50 gallons one pint of kino, two td 
three ounces of sulphate of iron, dissolved in one 
quart of boiling water, and one wine-glassful of ex- 
tract of orris root and a like quantity of raspberry 
extract.” We may parenthetically remark that we 
have occasionally tasted cheap clarets having a flavor 
resembling that of orris root. For making Burgundy 
it is enjoined to “mix in a barrel 100 parts of white 
wine, ten of the juice of black cherries, six of crushed 
large raisins, six of pulverized cinnamon, half of pul- 
verized crude tartar, and 50 of must concentrated by 
evaporation.” The following formulas are also sug- 
gested: “Champagne liqueur. Boil eight and three- 
quarters pounds of the finest loaf sugar with one gal- 
lon of water, add gradually while the water is boiling 
half gallon of alcohol of 90 per cent and then filter 
the mixture.” “The above liqueur is added to all the 
following compounds.” (We reproduce them literally 
to show the disgraceful use made of the names ol 
certain well-known champagne firms.) “Chandon et 
Moet (Green Seal). Mix the above liqueur with seven 
and a half gallons of white wine and one quart otf 
Cognac.” “Louis Réderer (Green and Bronze Seal) 
Mix the champagne liqueur with seven and a half gal 
lons of white wine, one bottle of Cognac, and fou: 
drops of sulphuric ether dissolved in Cognac.” “Heid 
sieck et Cie. (Sealed with Tin-foil). Mix the cham 
pagne liqueur with seven and a half gallons of whit 
wine and three quarters of a pint of Cognac.” The nex! 
one is very interesting. “Lemberg Geldermann et Deitt/ 
(Sealed with Tin-foil). Mix double the quantity ol 
champagne liqueur with seven and a half gallons oi 
white wine and three-quarters of a pint of Cognac in 
which two roots of celery carefully cleansed have been 
previously digested for four hours.” Similar formula 
for other brands are given and directions are appended 
for making Madeira, Malaga, and port. In one of thes« 
(Malaga) “essence de Goudron” is employed. The 
champagne preparations “are corked with champagne 
corks and !aid on their sides with their mouths slop 
ing downward. They are recorked the next day with 
the corking machine. The corks before using thém 
must be laid in hot water, and before placing them in 
the machine moistened with sugar syrup, and as soon 
as driven into the bottles tied with cord and finally 
wired.” Anything more brazen than this we can hard 
ly imagine.—Lancet. 


THE IRON PILLAR OF DELHI. 


AN illustration of the famous iron pillar of Delhi 
India, is given in a recent number of Cassier’s Maga 
zine, together with the following particulars of it: 

The pillar is a solid shaft of wrought iron, 16 inches 
in diameter, and of a length that is variously reported 
The total height above ground is 22 feet, including a 
capital of 31% feet. Major G. A. Cunningham, R.E.., 
C.S.L, director-general of the Archeological Survey 
ot India, reported in 1863 that the total length of the 
pillar is upward of 48 feet, and possibly 60 feet. 

The lower diameter is 16.4 inches and the uppe: 
diameter 13.5 inches. The pillar contains about 8 
cubic feet of metal, and weighs about 17 tons. Th: 
metal was for a long time reputed to be bronze, owins 
probably to a curious yellowish shade on the uppei 
part. A sample from near the base was analyzed b) 
Dr. Murray Thompson and found to be pure malleabl« 
iron of 7.66 specific gravity. The metal is, of course, 
charcoal iron, made directly from the ore in small 
billets; but how it was welded up no one can tell, as 
no record exists of any eariy method of dealing with 
great masses of wrovght iron. 

An inscription, roughly cut or punched upon the col- 
umn, states that Raja Dhara subdued a people in the 
Surdhu, named Vahlikos, and obtained with his own 
arm an undivided sovereignty on the earth for a long 
period. The date of the inscription has been referred 
to the third or fourth century after Christ; but on 
this authorities are at variance, as the style of writ- 
ing is supposed by some to belong to a later period. 

According to tradition, the [Iron Pillar was erected 
by Bilan Deo, the founder of the Tomara dynasty. 
who was assured by a learned Brahmin that, as a pari 
of the pillar had been driven so deep into the ground 
that it rested on the head of Vasuki, King of Serpents, 
who supports the earth, it was now immovable, and 
that dominion would remain in his family as long as 
the pillar stood. The Raja, doubting the truth of the 
Brahmin’s statement, ordered the pillar to be dug up. 
when the’foot was found to be wet with the blood of 
the serpent king. The pillar was again raised, but 
owing to the Raja’s incredulity, no means could be 
found to fix it firmly, and it remained loose (dhila) 
in the ground, and this is said to have been the origin 
of the name of the ancient city of Delhi. 


MACARONI WHEAT IN THE WEST. 


Macaront wheat seed was imported from Europe in 
1901-1902. Nebraska and South and North Dakota this 
year have succeeded in producing wheat from this seed 
of excellent quality. The following facts have been 
proved by tests made in South Dakota: 

1. The yield of macaroni wheat is from 60 to 120 
per cent greater than that of ordinary blue stem and 
Fife wheats. 

2. The quality of American-grown macaroni wheat 
is such that its products can he made of fully as high 
quality as those of the imported variety. 

3. Already there is a greater demand from manufac- 
turers than can be supplied by the growers of macaroni 
wheat. 

4. Bread, more nutritious, and by many considered 
more palatable than ordinary bread, can be made from 
macaroni wheat. 

The following results by the acre obtained from 
macaroni wheat as compared with the ordinary varlety 
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in Edmunds County, S. D., a typical wheat region, 
explain the desire of the farmer of the grain belt to 
include macaroni wheat in his list of crops: 

Thirty bushels macaroni wheat, at 75 cents a bushel, 
22.50. 

“Twelve bushels ordinary wheat, at 70 cents a bushel, 
8.40 
. Macaroni wheat has been known in this country for 
thirty-five years, but not in its pure form until re- 
cently. The old variety is known as goose wheat, and 
was grown for years. without any effort to keep it pure. 
This is of little more value to the manufacturer than 
the common bread wheat. 


TRADE NOTES AND RECIPES. 


Stamping Liquids and Powders.—Dissolve 1 drachm 
each of rosin and copal in 4 fluid ounces of benzine 
and with a little of this liquid triturate 4% drachm of 
Prossian blue and finally mix thoroughly with the 
emainder. 

‘tere is another, somewhat of the nature of an oil 
nt. Zine oxide is to be ground in oil and then 
nned with lard oil to the consistency of cream. If 
sired colored, Prussian blue, also ground in oil, may 
iimixed with it. Such a paint is to be applied 
igh a stencil, preferably with the use of a spatula. 
is desired to remove this afterward from the fab- 
benzine may be employed. This method, it seems 
is hardly a satisfactory one, and doubtless the 

is better. 

‘ramarine, to which has been added a small pro- 

on of powdereG resin, is generally used for stamp- 

embroidery patterns on white goods. The powder 
usted through the perforated pattern which is 
covered with a paper and a hot iron passed over 
melt the resin and cause the powder to adhere to 
loth. The following are said to be excellent pow- 


White.—One part each of resin, copal, damar, mas- 
sandarae, borax and bronze powder, and two parts 
te lead. 
Riack.—Equal parts resin, damar, copal, sandarac, 
russian blue, ivory black and bronze powder. 
lue.—Equal parts resin, damar, copal, sandarac, 
ian blue, ultramarine and bronze powder. 
all these powders the gums are first to be thor- 
chiy triturated and mixed by passing through a 
ve, and the other ingredients carefully added. Other 
ys may be made by using chrome yellow, burnt 
\w sienna, raw or burnt umber, Vandyke brown, 
For stamping fabrics liable to be injured by heat, 
» stamping is done by moistening a suitable powder 
) alcohol and using it like a stencil ink—Pharm. 
i 
Cement Recipes.— 
me Cement for Stone— 


White alumina (Kaolin) 5 


\nd water glass as much as necessary. Mix and use 


isein Cements; Universal Cement.— 
Mix 10 with 
freshly precipitated caseine......... 10 and 
‘le necessary quantity of fresh natural white of egg 
cause a thick paste to result. Caseine is known to 
the cheesy substance separating on the surface of 
miik in the preparation of whey. The production by 
heating the milk with alum, citric acid, cream of tar- 
iar, is pretty well known. 
Caseine Cement for Porcelain.— 


\lix freshly precipitated caseine..... oeemels 10 
Soluble potash glass.............. 
Gulta-Percha Cement.— 
Carbon disulphide ............... 
Dissolve in the vapor bath. 
Mastie Cement for Glass.— 
Dissolve in the vapor bath. 
Cement for Rubbers.— 
1, 
Soak and dissolve 
10 in 


adding enough benzine until the cement is thickly 


liquid. For use, it should be warmed to 50 deg. C. 
(122 deg. F.). 
2. 
Mix equal parts of the following two solutions: 
B. Caoutchoue ....... 
Oil of turpentine ........ ee 
Cement for Chemical Apparatus.—Melt together: 
yutta-percha -.......... 20 
10 


. Cement for Ivory.—Melt together equal parts of gut- 
percha and ordinary pitch. The pieces to be united 
‘ave to be warmed.—Drogistische Rundschau, Zuerich. 


_ Casts of Leaves, Fruits, Insects, etce.—For the pro- 
“""'lon of casts of leaves, fruits, insects, etc., very 
isily fusible alloys are required, which must contain 
admium to preserve the- articles from injury. Such 
* one is Wood’s metal, consisting of tin 2 parts, lead 
‘ parts, bismuth 7 to 8 parts, and cadmium 1 to 2 
iorts. Its fusing point lies between 66 and 72 deg. C. 
Another is Lipowitz’s metal, consisting of tin 4 parts, 
lead 8 parts, bismuth 15 parts, and cadmium 8 parts. 
A! 55 deg. C. it becomes soft, and 66 deg. C. perfectly 
liquid.—Neueste Erfindungen und Erfahrungen, 
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TRADE SUGGESTIONS FROM UNITED STATES 
CONSULS. 


German Inq for Furniture and Goods.— 
Consul T. J. Albert, of Brunswick, reports that an 
inquiry has been made for the names and addresses of 
prominent firms in the United States engaged in the 
manufacture of small decorative furniture, for the 
purpose of introducing their products into Germany. 
Not only furniture manufactured from different kinds 
of wood is desired, but furniture made of bamboo and 
rattan. There is also an inquiry for the names of 
American firms manufacturing colored cotton goods, 
madras, etc. Catalogues and samples of such goods 
would be gladly received. A price list is inclosed, 
showing the different kinds of furniture wanted, to- 
gether .with the prices prevailing in Germany,* which 
will be a guide for firms who propose to make offers. 
American manufacturers can communicate with the 
consulate or directly with the firm of Car] Langerfeldt, 
Brunswick, Germany. The following is taken from 
the price list: 


Description. Price. 
Folding furniture for verandas, balco- 
nies, gardens, and dwellings (light 
weight and solid construction), Pom- 
peian red, green, and natural : Marks. 
6.00 $1.48 
Bench, 45.3 inches long .. ..... ences 10,00 2.38 
Table— 
39.3 by 23.6 inches............. 10.00 2.38 
Round, 21.6 inches in diameter, . 6,00 1.43 
Bent wood, reseda or red lacquered : 
Bent reed, natural: 
Ga 6606.08 96. to 45.00 | 8.57 to 10.71 
Chests.... 38.00 tO 80,00 | 9.04 to 19.04 
Screens, bamboo: 
13.00 to 17.00 | 3.09 to 4.04 
Four panels ae “ae 17.00 to 21.00 | 4.04 to 5.00 
Pedestals of walnut or mahogany..... 6.75 to 16.50 | L6L to 3.2 


Buropean Sugar-Beet Cultivation —Consul Walter 
Schumann writes from Mainz, May 13, 1903, as follows: 

The following table, regarding European sugar-beet 
cultivation for the season of 1903 as compared with 
that of 1902, has been compiled and published by the 
International Sugar Statistical Association as the re- 
sult of a general inquiry made between the dates of 
April 29 and May 9: 


|Avea under sugar-heet cultivation] 

Country. s PIE 

19 3. 1902, 2/8 

— | 

Hee- Hee- | 

No. | tares. | Acres. | tares, | Acres. |p c. p.c. 

Germany ....- 385 | 412,093 | 1,018,282 | 429,341 | 1,060,902 | .. | 4 
Austria-Hungary] 215 | 306,610) 757,658 |: 751,184 | OR... 
209 | 224.200) 553,008 FOR 345 58 
277 | 264,873 | 1,595,801 2) 1,476,106 5.5 

Belgium...... 99 | 57,50} 142,083 | 52,300 20,233 199)... 

Holland......... 201 40,343 99,687 | 31,085 | 3 
Sweden......... 17 | 28,733 | 24,118 59,596 119.1)... 
Denmark...... 7/1 14,700 36824 14,700 324 = 


Announcement.—On July 1, 1903, the Bureau of 
Foreign Commerce of the Department of State, which 
has had charge of the publication and distribution of 
the Consular Reports, will be transferred to the De- 
partment of Commerce and Labor, in pursuance of 
provisions in the act of Congress approved February 
14, 1903, creating that Department, and will be con- 
solidated with the Bureau of Statistics, transferred 
from the Treasury to the new Department. Reports 
from consular officers on commercial and industrial 
subjects will hereafter be transmitted through the 
Department of State to the Department of Commerce 
and Labor, and the latter will publish and distribute 
them. 

A new bureau, to be known as the Bureau of Trade 
Relations, will, under authority of section 11 of the 
act of February 14, 1903, be organized in the Depart- 
ment of State on the Ist of July, to formulate, for the 
instruction of consular officers, the requests of the 
Secretary of Commerce and 4<Labor; to prepare from 
the reports of consular officers for transmission to the 
Secretary of Commerce and Labor such information as 
pertains to the work of the Department of Commerce 
and Labor; to transmit consular reports on special 
subjects, other than commercial, to various branches 
of the government service; and to compile informa- 
tion for the use of the Department of State in the 
consideration of questions arising in the conduct of 
official relations with foreign governments. 

Requests for consular reports should hereafter be 
made to the Department of Commerce and Labor. 


Phosphate Concession in Barbuda, West Indies.— 
Consul W. R. Estes sends from Antigua, June 1, 1903, 
copy of a notice of tender for a concession to mine 
phosphate in the island of Barbuda, issued by the 
colonial secretary. The consul adds: 

Barbuda is a small island about 28 miles northwest 
of Antigua, and is reached by sailing vessel from this 
port. It is reported that rock on the island contains 
50 to 80 per cent of phosphate, but the extent of the 
deposit is unknown. 

The notice reads: 

“Tenders will be received up to the 1st of October, 
1903, at the office of the colonial secretary, Antigua, 
for a concession to mine phosphate of lime or of alum- 
ina in the island of Barbuda, subject to the following 
conditions: 

“1. The tenderer shall state the royalty he is pre- 
pared to offer per ton of phosphate exported. 

“2. The tenderer shall be allowed to cut firewood 
for the purposes of working this concession within 
the island at a royalty of 1s. (24.3 cents) per cord 
(measuring 8 by 4 by 4 feet), provided that such wood 
shall only be cut on areas indicated by the manager, 
and that no timber or brushwood having a value for 


* Filed for reference in the Bureau of Foreign Commerce, 
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other purposes than that of firewood shall be cut under 
this concession. 

“3. The tenderer shall be allowed to have a site for 
a wharf and storage on the lagoon not exceeding 10 
acres, at the yearly rent of 5s. ($1.21) an acre, pro- 
vided that such site shall be beyond half a mile from 
the limekiln in front of the ‘Great House.’ 

“4. The tenderer shall have power to lay tramways 
to facilitate mining operations, subject to the right 
of the government to prescribe the route to be followed 
and the precautions necessary as regards gates, fences, 
and crossings. 

“5. The concession to be for the period of twenty- 
one years. 

“6. Preference to be given to the tenderer offering 
the highest royalty, starting from 9d. (18 cents) per 
ton exported as the ‘upset’ price. 

“7. The concession to be voidable at the option of 
the government if less than ten men are constantly 
employed thereon, or in case of any transfer of the 
concession, direct or indirect, wholly or in part, with- 
out the previous sanction of the government. 

“8. The acceptance of tenders received shall be 
subject to the final approval of the secretary of state, 
and the government does not bind itself to accept the 
highest or any tender.” 


Quinine Auction in Batavia —The fourth sale of 
quinine by public tenders for the year 1903 was held 
at this city on the 29th ultimo, and the following were 
the transactions of the day: 

There were put up for sale 4,762.8 kilogrammes (10,- 
500 pounds) of sulphate of quinine, Editio I1., packed 
in lots of 11.34 kilogrammes (25 pounds), of which 
only 45.36 kilogrammes (100 pounds)—four lots—were 
disposed of at 20 florins ($8.04) per kilogramme (2.2 
pounds). The other bids being below the price limit, 
the remaining quinine was withdrawn until the next 
sale. 

The price realized—20 florins ($8.04)—is equal to 
the unit price of 0.0775 florin (3.12 cents) for the bark 
at the Amsterdam market. 

The total shipments of quinine for the month of 
April are reported to have been 1,074,973 kilogrammes 
(2,369,885.4 pounds). 

The next sale will be held on the 27th instant.—B. 8S. 
Rairden, Consul at Batavia. 


Spanish Request for Brick-Making Machinery.— 
Under date of May 30, 1903, Consul-General Julius G. 
Lay, of Barcelona, informs the Department that he 
is in receipt of a letter from Mr. Agustin Palomar de 
la Torre, of Saragossa, which states that he has been 
appointed to establish the pottery industry in that 
city, and, having heard of the excellent quality of 
the machinery manufactured by American firms, he de- 
sires to learn the names and addresses of American 
manufacturers of machinery for making bricks, tiles, 
and other ceramics. The consul-general suggests that 
the inquirer be addressed direct, in Spanish or French, 
sending catalogues and quoting prices, if possible, 
ec. i. f. Barcelona. Freight rates can be ascertained 
from Ceballos & Co., 80 Wall Street. New York, agents 
of the Spanish Transatlantic Company, the steamers 
of which leave New York for Barcelona about the first 
of every month. 


Copper Production in Hungary.—Consu! F. D. Ches- 
ter sends the following from Budapest, May 15, 1903: 

There were mined in Hungary. in 1901, 161,547.8 
metric tons of copper, the value of which was 236.,- 
565.31 crowns (say $47,313.06). The quantity produced 
in the preceding calendar year was some 20 tons larger 
Formerly, 80 per cent of the copper was mined dy the 
government, but in the past year only 50 per cent was 
so mined. There are at present 16 copper-mining con- 
cerns in Hungary, of which two State and three private 
undertakings supplied the greater part of the metai. 


German Sailcloth in South America—Consul B. H. 
Warner, of Leipzig, May 26, 1903, says: 

German sail and awning cloth manufacturers of this 
city are making strong efforts to secure South Amer 
ican trade. A prominent sail manufacturer has just 
informed me that he has succeeded in establishing 
regular traffic with South American countries, and that 
he hopes before long to do the same in Cuba. 


Trade Request from Melbourne.—Under date of June 
6, 1908, the Bureau of Foreign Commerce has received 
a request for samples of native American products 
suitable for the manufacture of varnish: Ten pounds’ 
($4.87) worth of waxes of all kinds, gums, wax ber- 
ries, resins, natvral dve woods and berries, and the 
like. No manufactured article will be accepted. These 
goods are to be sent to Melbourne, Australia. Direc- 
tions for their delivery at New York may be obtained 
by addressing George Rogers, Son & Co., 22 Gt. St. 
Helens, London, England. 


Transit Dues at Lourengo Marquez.—Consul W. S. 
Hollis reports from Lourenco Marquez, May 2, 1905, 
that customs transit duties at that port have been abol 
ished.* 


* See Advance Sheets No, 1665 (June 16, 1903), 


INDEX TO ADVANCE SHERTS OF CONSULAR 
REPORTS. 


No, 1678. June 22.—Trade in the Canary Islands—Drawhacks in 
Hungary. 

No, 1679 June 23,.—Announcement—Proposcd Public Works in 
Hungary—* Phosphate Concession in Barbuda, West. Indies - * Ger- 
man inguiry for Furniture and Dry Goods—Railroad in the Harz 
Mountains, Germany—*Alkali Discovery in Germany—* Trade Re- 
quest from Melbourne. 


No, 1680. June 24.—Coal Importations at Marsoilles—Chanves in 
Mexican Stamp Taxes- *Spanish Request for Brick-makine Machin- 
ery—German Railway Supplics for Italy—Selling Eggs by Weight in 
Germany. 

No. 1681. June 25.—* The Osaka Exhibition - Consular Invoices 
in Salvador. 


No, 1682. June 26.—* Financial Crisis in Tientsin—Quinine Aue 
tion in Batavia. 


No. 1683, June 27.—The Chemical Indnstry in Germany—Trade 
Notes from Colombia, 


The Reports marke1 with an asterisk (*) will be published in the Scren- 
TrFIc AMERICAN SUPPLEMENT. The other Reportx can be obtained by 
applying to the Burean of Trade Relations, Department of Commerce and 
Labor, Washington, D. C. Since the number of Reports is limited, appli- 
cation for those which are desired should be made immediately, 
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SELECTED FORMULAS. 
Museum Preserving Fluid,— 


Formaldehyde solution, 40 per cent 60 parts 


Mix. Glycerine is necessary only when the specimen 
is to be kept soft. The fluid can be made perfectly 
colorless and as limpid as distilled water by filtering 
through animal charcoal. In dense, massive objects, 
such as liver, lungs, etc., incisions should be made to 
allow the liquid to penetrate to the interior. It is bet- 
ter to use more formaldehyde solution—90 to 100 parts 
—in preparing very dense objects.—Pharm. Era. 


Patent Leather Varnish.— 


Turpentine ....... 
@ 
Methylated Ounces 


Lampblack ..... ounce 
Dissolve the resins in the spirit and finally add the 
lampblack.—Pharm. Era. 


Solvent for Celluloid—Amyl acetate is generally 
recommended as the best solvent for celluloid. A 
formula for “celluloid varnish” follows: 

Celluloid 1 OunCE 
Amyl acetate......... 

More or less amyl acetate may be used according to 
the purpose for which the varnish is required. The 
formula as given has been recommended especially for 
making gold paint.—Pharm. Era. 


Liquid Cement for Cycle Tires.— 
Raw OUNCES 
Carbon ounces 
Eau de cologne..... ene 
This cement is also the subject of an English patent 
and is recommended for patching cycle and motor tires, 
insulating electric wires, etc.—Pharm. Era. 


Diamalt as a Substitute for Milk in Bakeries — 
Diamalt is a thick sirupy mass of pleasant, strong, 
somewhat sourish odor and sweetish taste. The pre- 
paration has been analyzed by Drs. Brahm and Buch- 
wald. Its specific gravity is equal to 1.4826. The per- 
centage of water fluctuates between 24 and 28 per 
cent, the amount of ash is 1.3 per cent. There are 
present: Lactic acid 0.718 to 1.51, nitrogenous mat- 
ters 4.68 to 5.06 per cent, and constituents rich in nitro- 
gen about 68 per cent. The latter consist principally 
of maltose. Dissolved in water it forms a greenish- 
yellow mixture. Turbidness is caused by starch grains, 
yeast cells, bacteria and a shapeless coagulum.—Phar- 
maceutische Centralthalle. 

Purification of Drinking Water in the Field.—For the 
purification of drinking water in the field Vaillard and 
Georges recommend three kinds of compressed tablets. 
No. 1. Make 100 tablets of potassium iodide 10 
grammes, potassium iodate 1.56.grammes, and a little 
methylene blue; likewise prepare (No. 2) 100 tablets 
of tartaric acid 10 grammes and a little fuchsine, and 
the same number of sodium thiosulphate 11.6 grammes 
(No. 3) For 1 liter of water one lozenge of each kind 
is sufficient. If the water is muddy, it should be sub- 
jected to a superficial filtration. Otherwise dissolve 
lozenges 1 and 2 in a little water and add the solution 
to the water to be purified. After 20 minutes add loz- 
enge No. 3, which binds the free iodine —Pharmaceu- 
tische Centralhalle. 


Liquid Ichthyol Soap (Sapo Ichthyoli liquidus).— 


Ammonium sulfoichthyolate .............. 10 


Hebra’s soap spirit (a solution of potash 
soap 120 in 90 per cent spirit 60 and spirit 


Liquid Tar Soap (Sapo Picis liquidus).— 


—Pharmaceutische Zeitung, Berlin. 
Birch Balsam.— 


Alcohol grammes 
Birch juice 3,000 grammes 
Glycerine Srammes 
Cf) 90 grammes 
Geranium Ol] 50 grammes 
Water 14,000 grammes 


Alcohol grammes 
Bergamot oil ..........+.++++. 100 grammes 
Glycerine 2,000 grammes 


—Seifensieder Zeitung. 


Straw Hat Varnish.— 


Methylated spirit ....... tn .. 2 pints 
Best spirit black ......... cewnevase 2 ounces 


Dissolve the shellac and resin in the spirit and add 
the powdered black. Any soluble aniline dye may be 
used instead of the black.—Pharm. Era. 


Cobalt Fly-Paper.— 
Quassia chips parts 
Chloride of cobalt ................. 10 parts 
Tincture of long pepper (1 to 4).... 80 parts 


Boil the quassia in the water until the liquid is re- 
duced one-half, strain, add the other ingredients, sat- 
urate common absorbent paper with the solution and 
oy. The paper is used in the ordinary way.—Pharm. 

ra. 
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VALUABLE BOOKS 
NOW READY. 


Twenty-Third Edition 
EXPERIMENTAL SCIENCE. 


By GEORGE M. HOPKINS. 
Revised and Greatty Enlarged. 2 Octavo Volumes. 1,100 Pages. 
900 illu strations 
Cloth Bound, Postpaid, $5.00, Half Morocco, Postpaid, 87.00 
Ur Volumes Sold Separately: 
Cloth, $3.00 per Volume. Half Morocco, +00 per Volume, 


SCLENCE its so 


well known to pany of our read- 

ers that it is hardly 

now to give a description of this 

work. Mr. Hopkins decided some 
months ago that it would be necessary 
to prepare a new edition of this work in 
order that the many wonderful discov- 
eries of modern times might be fully 
described in its pages. Since the last 
edition was published, wonderful devel- 
opments in wireless telegrapby, for ex- 
ample, bave been made. It was neces- 
sary, therefore, that a good deal of new 
matter should Le added to the work in 
order to make it thoroughly up-to-dat 
and with this object in view some 200 
pages have been added. On account of 
the increased size of the work it has 
been necessary to divide it into two 
volumes, handsomely bound in buck- 
ram. It may be mteresting to note the 
following additions that have been m 
to these volumes: 

Volume I contains in addition to a 
large number of simple, wel! illustrated 
experiments. a full description of a 4 
H. P. electric motor made expressly for 
illustration in this edition of “ EXPERI. 
MENTAL =CIENCE.” It ts an ENCLOSED 
SELF-REGULATING electric motor for a 110 volt circuit. It can be oper- 
ated by a current from a 1/0 volt lamp socket, yielding a full 4 H. P., or it 
may be used as a dynamo, furnishing a current cavable of operating three 
16-candie power, 1/0 volt incandescent lamps. The constraction of the 
— is perfect enough to admit of enlarging or reducing its size if 

esired 


if 


red. 

Volume LI contains much on the general subject of electricity, besides 
new articles of great importance. Among these the subject of alternate 
current machinery is treated. Wireless Telegraphy anc aw omy b re- 
ceive attention. Electrical Measuring Instruments, The Electric Cloc' 
The Telegraphone, Experments in High Voltage, The Nernst Lamp, an 
Measuring the Heat of the Stars are all thoroughly illustrated and des- 


The unprecedented sale of this work shows conclusively that it is the 
book of the age for teachers, students. experimepters and all others who 
desire a general knowledge of Physics or Natural Philosophy. 


SIXTEENTH REVISED AND ENLARGED EDITION OF 1901 
THE SCIENTIFIC AMERICAN 


Cyclopedia of Receipts, Notes and Queries 


15,000 RECEIPTS. 734 PAGES 
Price, 35 in Cloth; $6 in Sheep; $6.50 in Hatf Morocco, postpaid. 


This work has been revised and enlarged. 900 New Formulas. 
The work is so arranged as to be of use not only to the specialist, but to 
the general reader. It should have a piace in every home and workshop. 
A circular containing full Table of Contents will be sent on application. 

Those who already have the Cyclopedia may obtain the 

1901 APPENDIX. ice, bound in cloth, $1 postpaid. 


The Progress of Invention in the Nineteenth 
Century. 


By EDWARD W. BYRN, A.M. 
Large Octavo. 480 Paes 300 Illustrations. Frice $3 Mail, Postpaid. 
Red Morocco, Gilt Top, 

The most important book ever published on invention and discovery. 

It is as readable as a novel, being written in popular style. 

The book gives a most comprehensive and coherent account of the pro- 
es8 Which distinguishes this as the “ golden age of invention,” resulting 
industrial and commercial development which is without precedent, 

A chronological calendar of the leading inventions is one of the most im- 

Sees features of the book. enabling the reader to refer at a glance to 
portant inventions and discoveries of any particular year. The book is 

on with large type, on fine paper, and is elaborately illustrated with 
engravings and is attractively bound. 


1902 EDITION, 


ALL THE WORLD’S FIGHTING SHIPS 


By FRED T. JANE, Author of the Naval War Game 
(Kriegspiel). 


Used as a text-book in European navies. The only absolutely correct and 
complete work of the kind published. 
394 PAGES. OVER 3,000 ILLUSTRATIONS. 
OBLONG QUARTO. CLOTH. PRICE, $5.00, POST FREE 


CONTAINS:—A photograph of every warship in the world; also a 
silhouette and a gun and armor d.agram of each vessel. 


CONTAINS:—The length, beam, draught, horse power, speed, coal 
supply, number and size of guns, thickness and disposi- 
tion of armor of every warship in the worl 


CONTAINS :—Tables of the size, weight, velocity, energy, penetration, 
ete., of every gun of every navy in the world, 


CONTAINS:—A series of chapters by noted Admirals, Naval Cons- 
tructors and other experts of various navies, on vital 
ae of the day in naval construction, tactics, and 
strategy. 


CONTAINS:—A comparative table (by the author) of the strength to 
the navies of the world—the most scientific attempt yet 
made to classify the world’s warships and navies as to 
actual fighting strength. 


IT SHOULD BE NOTED that this work is from the pen of a naval 
critic and expert, whose reputation is far-reaching on 
both sides of the Atlantic. It will be of fascinating in- 


terest to those who follow the course of naval develop- 
ment, and as a book of reference should find a place in 
every library. 


JUST PUBLISHED. 


HARDENING, TEMPERING, ANNEALING 
AND FORGING OF STEEL. 


By JOSEPH V. WOODWORTH, 
Author of “ Dies, Their Construction and Use.” 
Octavo. 20 pages. 20 Illustrations. Bound in Cloth. Price $2.50. 


A new work from cover to cover, treating in a clear, concise manner all 
modern processes for the Heating, Annealing, Forging, Welding, 
Hardening and Tempering of steel. making it a book of great prac- 
tical value to metal-working mechanics in general, with special directions 
for the successful hardening and tempering of ali steel tools used in the 
arts, including milling cutters, taps, thread dies, reamers, both solid and 
shell. hollow mills, punches and dies. and all kinds of sheet metal work- 
ing tools, shear blades, saws. fine cutlery. and metal cutting tools of all 
description. as well »s for all implements of steel, both large and small. 
In this work the simplest and most satisfactory hardening and tempering 
processes are given 

The uses to which the leading brands of steel may be adapted are con- 
cisely presented and their treatment for working under different condi- 
tions explained, also the special methods for the hardening and bra a 
ing of special brands. In connection with the above, numbers of “kinks.” 
“ways.” and “ practical points” are embodied, making the volume a text 
book on tLe treatment of steel as modern demands necessitate. 


A chapter devoted to the different processes 0° (Canp-hardening is, 
ne 


alee included, and special reference made to the adeption of 
chinery Steel for Tools of various kinds The illustrations show the 
mechanic the most up-to-date devices. machines and furnaces which con- 
tribute to the attainment of satisfactory results in this highly important 
branch of modern tool-making. Send for descriptive circular. 


MUNN & CO., Publishers, 361 Broadway, New York. 


Jury 11, 1908. 


Scientific American Supplement 


PUBLISHED WEEKLY. 
Terms ot Subscription, $5 a Year. 


Sent by mail, postage prepaid, to subscribers in any 
part of the United States or Canada. Six dollars a 
year, sent, prepaid, to any foreign country. 

All the back numbers of Tue SurrpLemeEnt, from the 
commencement, January 1, 1876, can be had. Price, 
10 cents each. 

All the back volumes of THe SuprPLeMENT can like- 
wise be supplied. Two volumes are issued yearly. 
Price of each volume, $2.50 stitched in paper, or $3.50 
bound in stiff covers. 

ComBINED Rates.—One copy of SciENTIFIC AMERI- 
CAN and one copy of ScieNTIFIC AMERICAN SUPPLEMENT, 
one year, postpaid, $7.00. 

A liberal discount to booksellers, news agents and 
canvassers. 

MUNN & CO., Publishers. 361 Broadway, New York. 
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JUST READY. 


DIES, THEIR CONSTRUCTION AND USE, 


For the Modern Werking of Sheet Metals. 
By JOSEPH V. WOODWORTH. 
Octavo. Cloth. Very Fully IWustrated. Price $5.00 Postpaid. 


This book is a complete treatise on the subject and the most compre- 
hensive and exhaustive one in existence. A book written by a practical 
man for practical men, and one that no di ker, hinist, toolmak 
or metal-working mechanic can afford to be without. 

Dies, press fixtures and devices from the simpiest to the most intricate 
in modern use, are shown, and their construction and use described in a 
clear, practical manner, so that all grades of metal working mechanics 
will be able to understand Lp ayane | how to design, construct and use 
them, for the production of the endless variety of sheet-metal srticles 
now in daily ase. 

Many of the dies described in this book were designed and constructed 
by the author personally, others under bis personal supervision, while 
others were constructed and us in the press rooms of some of the 
largest sheet-metal goods establishments and machine shops in 
United States. A number of the dies, press fixtures and devices, which 
form a part of this book. have been selected from over 150 published arti- 
cles, which were contributed by the author to the columns of the “Ame- 
rican Machi »” ** Machi y’ and the “Age of Steel,” under his own 
name. 

No obsolete die, press fixture or device has found a place in this book ; 
every engraving between its covers represents the highest that has been 
attained in the development of each type described. he descriptions of 
their construction and use will onable the practical man to adapt them 
for facilitating, duplicating and expediting the production of sheet- 
metal articles at the minimum of cost and labor. 

Every manager, superintendent. designer, draftsman, foreman, die- 
maker, machinist, toolmaker or app rentice should have this book. 


MUNN & CO., Publishers, 361 Broadway, New York. 


THE NEW SUPPLEMENT CATALOGUE 


| Just Published | 


LARGE edition of the SuppLement Cata- 
logue in which is contained a complete list 

of valuable papers down to the year i now 
ready for distribution, free of charge. new 
Cat ue is exactly like the old in form, and is 
brought strictly up to date, All the papers listed 
are in print and can be sent at once at the cost 
of ten cents each, to any part of the world. The 
Catalogue contains 60 three-column pages and 
comprises 15,000 papers. The Catalogue has been 
very carefully prepared and contains papers in 
which information is given that cannot 
cured in many textbooks publi 
the new Catalogue to-day to 


MUNN & CO., Publishers, 361 Broadway, New York 


MUNN & CO., in connection with the publication 
of the SCIENTIFIC AMERICAN, continue to examine 
improvements, and to act as Solicitors of Patents for 
Inventors. 

In this line of business they have had over 
years’ expervence, and now have unequaled facilitws for 
4 the preparation of Patent Drawings. Specifications, and 

the prosecution of Applications for Patents in the United 
States, Canada, aud Foreign Countries. Messrs. MUNN & Co. 
also attend to the preparation of Caveats, Copyrights for 
Books, Trade Marks, Rei . Assig its. and Reports on In- 
fringements of Patents. All business intrusted to them is done 


We also send. free of charge. a Syno f Foreign 
bs 4 cost and method of securing patents in all the principal countries of 


‘MUNN & Solicitors ot Patents, 
361 Broadway, New York. 
BRANCH OFFIORS.—No. 625 F Street, Washington, Di 0: 


4 
PAGE 
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V. COMMERCE.—Trade Suggestions from United States Consuls.... 23019 
Selected Formul. 
23019 
— 
e 4 
with special care and promptness, on very reasonable term 
A pamphlet sent free of charge on application containing full informa. 
Patents and how to procure tnem : directions concerning Trade 
s. Copyrights. Designs. Patents. Anne: 
Assignments, Rejected Cases. Hints on the ale. Reissues. Infringements. 


